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DUPLEX-SEALED COVER 


WARTIME 
V-BELT 





20% MORE CORDS 
50% STRONGER CORDS 


COOLER-RUNNING 
CUSHION 


THE BEST BELTS... 


You’re off to a “flying start” 
against maintenance worries 
when you get Texrope Super-7’s 
design-against-wear construc- 
tion. You get: 1) 20% more 
cords than before; 2) Cords 
made 50% stronger by special 
Flexon process; 3) Cooler-run- 
ning rubber cushion that “‘floats” 
cords around sheaves; 4) Du- 
plex-Sealed cover that guards 
against grime. When you do 
need new V-belts invest in the 
best — Texrope Super-7! 
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THE BEST CARE... 


You'll get a head start on long- 
er V-belt life — regardless of 
what brand you use—by follow- 
ing valuable tips in Allis-Chal- 
mers’ free handbook: “Plain 
Facts on Wartime Care of Rub- 
ber V-Belts”. Here is the full 
story of V-belt care... packed 
with a wealth of practical data 
... Written so that new as well 
as experienced men will readil 
understand it. Contains no ad- 
vertising. Tear off coupon and 
send for free copy today! 




















ALLIS-CHALMERS 


TEXROPE SUPER-7 V-BELTS 


Trade mark registered U. S. Patent Office. Texrope 
Super-7 V-Belts are the result of the cooperative research 
and design genius of two great companies—Allis-Chalmers 
and B. F. Goodrich—and are sold exclusively by Allis- 
Chalmers. Available in all sizes 
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ALLIS-CHALMERS MFG. CO. 
Milwaukee, Wisconsin 
Gentlemen: 
Yes, I would like to receive free of 
charge a copy of your “Plain Facts 
on Wartime Care of V-Belts”. 
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Carbide 
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Indium, 
Ihsulatic 

THE TIME 15 NOW _— 
Bearing application is 4 0 | 
highly specialized art : sucs, 
Wisdom dictates consult- owder 
ing our engineers on new Rubber 
designs while yet in the Steel, A 
formative stage. Steel al 

The torpedo is one more illustration of the fact that there is no NOTHING ROLLS LIKE A BAlL 43, 9 
more vital factor in the mechanized war we fight today than anti- 


Parts; 
friction bearings. They literally make possible the sustained action of ane 
our. more important tools of war. CY alls, A 


New Departure is making bearings by the tens of millions. In fact THE FORGED /STEEL BEARING Bearing 
New Departure has a major responsibility in the whole ball bearing 


Bellows 
war production program. 3207 Belts, E 


Brushes 


AMONG ALL the missiles man has contrived to hurl death at his 


enemies, the torpedo is unique. 


No other projectile is so complex, so carefully engineered, so “made 
to order” for destruction. Driving the deadly “warhead” is an intricate 
mass of motors, shafts, instruments— and bearings. Ball bearings—with- 


out which neither motors, shafts, nor instruments could “do their best 
work.” 
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Mtemized Mndex 


Classified for Convenience when Studying Specific Design Problems 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally. 
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Fittings, Adv. 65, 180, 195, 216, 239 

Forgings, Adv. 62, 63, 186 

Formed parts, Adv. 238 

Gears, Edit. 192; Adv. 24, 80, 85, 92, 218, 237, 238, 242, 
249, 256 

Heating units, Adv. 170 
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Plastic moldings, Edit. 118, 133, 134; Adv. 18, 67, 68 
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Ball Bearing 
Pillow Block 


1. Permanently Sealed 2. Self-Aligning 3. Pre-Lubricated 





Modern machines require all 3 features in a bearing, because, today 
ye mi they must give long maintenance-free service under the most 





a Fe S 7 
Flange Unit Cartridge Unit adverse conditions. TE 
SealMaster’s patented centrifugal labrynth seal permanently seals out ferre 
dirt and grit... seals in the lubricant . .. makes all moving parts free ru0- and 
ning. It is this seal against outside “saboteurs” that consistently increases an 
bearing life and reduces maintenance problems. 
Other features that make SealMasters leaders in the bearing field ate: It pr 
large balls and deep grooved races; one-piece housing; quiet operation. busi 
SealMasters are made in all the necessary sizes and types for ideal zatic 


performance. Call on an S. A. engineer to give you data on your appli. 
cations. Write for Bulletin 840. 


STEPHENS-ADAMSON MFG. CO.,18 Ridgeway Ave., Aurora, Illinois 





Take-Up Unit | 





BEARING 


STEPHEN 


S-A CONVEYORS & ELEVATORS ¢ “TELLEVEL” BIN LEVEL 
WINCHES ¢ CAR PULLERS ¢ CAR LOADERS ¢ “‘SACO”’S 


DIVISION 
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FOR POST WAR PLANNERS WORKING AT VICTORY TODAY 


“NOT JUST STEEL - 


Already THINSTEEL has broken old precedent 
—doing war jobs never before thought to be 
practical nor feasible for steel. It proves THIN- 
STEEL’s wide adaptability — replacing non- 
ferrous metals, supplying unusual physicals, 
and providing extremely light weight with 
maximum strength. 


It proves, too, the many advantages of doing 
business with a specialist. For the CMP organi- 
zation knows cold rolled strip steel—the pioneer 


TYPICAL PRODUCTS FABRICATED 
FROM CMP THINSTEEL 


Liquid Filters, Automotive Radiator Fins, Radio Tube 
Parts, Springs, Shims, Gaskets, Eyelets, Compressor Discs 


* 


THE COLD METAL 
PRODUCTS COMPANY 


Subsidiary of the Cold Metal Process Co. 
YOUNGSTOWN, OHIO 
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THINSTEEL 


PRECISION COLD ROLLED 


by (MP 


4 


in precision rolling light gauge strip. Consider 
the CMP vigilant control and consistent accuracy 
in rolling practice that makes possible precision 
strip steel as thin as .00]1 —there is the real 
evidence of “know how.” 


Availability of THINSTEEL today is limited, but 
tomorrow, after V-day, it may be your answer 
to a problem of “what's the best metal for this 
product?” Investigation now of all CMP THIN- 
STEEL facts may save you time and money. 


wr 


IPRELISION@ = COLD seme ROLLED 
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‘GIVES MAXIMUM PRODUCTION PER TON 
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ILOTS of 24 na- 

tions are receiving 
final combat training 
in American - made 
planes originally de- 
signed and built in 
60 days to win an 
Army Air Force com- 
petition ten years ago. 
Experience gained in 
creating this trainer 
was employed ad- 
vantageously to de- 
sign and produce the 
first model of the 
Mustang fighter in 
100 days from draft- 
ing board to flying field. Basic trainers are fitted with 
guns, bombs, cameras, and virtually every other piece 
of equipment a combat pilot must learn to operate. 


Curtiss P-40 fighters have taken 13% to 1 toll of the 
enemy, based on authoritative figures from 50 recent 
aerial engagements in which 457 fighters met 1257 Axis 
aircraft of all types on every war front. 


STANDARDIZATION of aircooled gas engines has re- 
duced the number of basic models by 50 per cent and 
the number of repair parts by 40 per cent. 


»°-Women working in the aircraft industry constitute 


about one-third of the employes in this field. It is ex- 
pected the figure will rise to at least 50 per cent by 
the end of the year. 


Trait Buiazer for welding aircraft parts and light- 
gage materials literally knocks electrons off the atoms 
of gas in the air surrounding the joint to be welded so 
that the welding current is stabilized. The device, de- 
veloped by Westinghouse, is an assembly of coils, con- 
densers, transformers and a spark-gap oscillator. 


CounTING a multitude of tiny parts such as min- 
iature jewel bearings is a time-consuming job. Gen- 
eral Electric therefore has devised a tray with 1000 
holes in the bottom for this purpose... Shaking the 
tray loaded with bearings lodges one in each recess. 
A slide opens the hole bottoms, discharging a de- 
pendable count. , 


OPERATING COMMITTEE on aircraft materials conser- 
vation will coordinate the activities of the Army Air 
Forces, Navy Bureau of Aeronautics and Aircraft Re- 
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sources Control office 
in cooperation with 
the aircraft industry 
to replace manufac. 
turing processes re. 


waste of materials, 
manpower and facili. 
ties with more effi- 
cient and economical 
methods. Use of cast- 
ings, stampings, forg- 
ings, hot pressing, 
preforming, welding 
and other high pro- 
duction methods will 
be encouraged wher- 
ever they can be employed profitably by industry. 


MACHINE cGuNS for Army Ordnance are now being 
produced at more than triple the rate of 22,000 a month 
which was the maximum produced in this country for 
the United States and the Allies in 1918. Correspond- 
ingly, artillery ammunition is being produced at a rate 
of 18,000,000 rounds a month compared to 2,700,000 
in 1918, and 1,778,000,000 rounds of small arms am- 
munition are being manufactured each month against 
278,000,000 in 1918. 


sulting in excessive | 
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CassiFICATION of plastic materials on the basis of N any 1 
engineering properties rather than chemical base is an of an 
objective of the technical committee of the Society of siderec 
the Plastics Industry. It is felt that when the new troublesom 
classification is made available, design engineers will signed, the 
be more likely to specify plastics than without such in- It is t 
formation. This work is to be the beginning of a hand- assemblies 
book of authoritative information on design criteria and plans are o 
recommended practices for the molding and fabricat- product no 
ing of all plastic materials. other. Fu 

product an 
the numbe: 

Spot-cHECK by WPB on the use of cellulose plastics = a. 
revealed that 14 molders with a capacity of 1,500,000 in Pag 
pounds per month placed orders in excess of 4,000,000 sbessemb! 
pounds for October. Because companies should not § tien 
place orders for any month in excess of their capacity, 
each company received total denials. With equitable ‘a 
distribution it is felt there should be sufficient material 
so that it can be made available for good civilian usages. om 

Ss, 
MACH 
lai te 

Copper and copper base alloy limitations have been 2” 
eased somewhat through WPB allowing the use of these combj 
materials for certain automotive parts. These inclu e foth mn 
the following: Thermostats, pressure-type one" it b ie 
sealing caps, tube fittings for hydraulic systems, . —_ 
lines and fuel lines as well as shut-off cocks and valves artic 
for safety-type auxiliary fuel tanks. a 
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Does Your NUMBERING SYSTEM 


Need Revamping? 


By Roe T. Soule 
Head, Engineering Organization Division 
Taylor Instrument Companies 


N any manufacturing organization, particularly if the equipment produced is 

of a mechanical nature, catalog numbers and part numbers often are con- 

sidered as necessary evils. Perhaps one reason why efficient numbering is 
toublesome lies in the fact that whereas the product has been most carefully de- 
igned, the number plan may not have received the same treatment. 

It is true that consecutive numbers assigned in numerical sequence to parts, 
asemblies and finished product will serve the bare purpose of identification. Such 
plans are of course in wide use. However, they do not in any way describe the 
product nor give any clue as to the manner in which one item differs from an- 
ther. Furthermore, when consecutive numbers are used for both the finished 
product and the individual parts or for either, no definite means is inherent in 
the number for distinguishing catalog items from parts nor for indicating to what 
inished product the parts belong. 
lt is an accepted premise that a system of numbering which would at once 
indicate the kind and type of the finished product, the nature of the parts and 
subassemblies, and the product on which parts exclusive to it are used, would be 
of outstanding advantage. Such advantage would be found to extend to all parts 


‘— 





BECAUSE criticisms of existing methods for numbering machine 
Parts, subassemblies and catalog items is frequently heard, 
MACHINE DESIGN takes pleasure in presenting the accompany- 
ing discussion of a unified numbering system, based on extensive 
research, which already has proved its worth. Number and letter 
combinations assigned to items carry a significance which conveys 
fo those concerned specific information about the item and where 
it belongs. Design executives will find worthwhile ideas in this 
article which may help them improve their own systems 
a 





of the organization from sales to 
design, production and manufac- 
turing departments as well as to 
the trade and ultimate purchaser. 

Such a system of catalog and 
part numbering has been actively 
employed by the Taylor Instru- 
ment Companies on its industrial 
indicating, recording and control- 
ling instruments since 1934, and 
on parts and subassemblies for 
more than twenty years. This 
plan is known as the Unified Num- 
ber System, or sometimes the 
Classified Number System. In this 
system, catalog numbers automat- 
ically classify and identify each in- 
strument, which is also true of the 
numbers of the parts, and sub- 
assemblies. 

It has been said that many 
things are “simply remarkable” 
until they are understood, where- 
upon they become “remarkably 
simple”. Such is in fact true in 
the case of the unified number 
system. It is simply a series of 
classifications from which the data 
are selected to compile either cat- 
alog numbers. or part and subas- 
sembly numbers. 

CatTaLoc Numsers: In the case 
of catalog numbers of sales items 
the line is first divided into classes, 




















































each being designated by a letter symbol, as for example: 


Letter Symbol Class of Product 


E Industrial Mercury-in-Glass Ther- 
mometers 
Recording Instruments 
Dial Instruments 
Controlling Instruments 
Diaphragm Valves 


Various styles of instruments within each group are 
then identified by a numeral placed before the letter. 
These numerals are assigned consecutively as new de- 
signs are added to the group. The numeral and the letter 
symbol constitute what is termed the “Key Number’ 
since it designates the basic instrument. Illustrations are 
as follows: 


Key No. Basic Instrument 
.120R Recording Controller 
160R Indicating Controller 
145R Time Schedule Controller 
47K 6-inch Dial Thermometer 


76J Recording Instrument 


To complete the catalog number, it now remains to 
add symbols to indicate such features as actuation, num- 
ber of pens or pointers, type of bulbs, fittings, etc., which 
are selected from established classification sheets. 

Actuation is covered by a letter symbol which is 
termed the “second letter” since it always follows the 
letter of the key number. A standardized code of such 


=~ 


symbols is maintained, examples of which are as follows; 


Second Letter Actuation 
M Mercury 
V Vapor 

G Gas 


F Pressure 


The first numeral following the letters indicates the num 
ber of pens and type of service, etc., an example appl 
to one class of instruments being as follows: : 


Number of Pens 
and Service 


First Numeral 
Following Letters 
1 Single Duty, Single Record 
2 Double Duty, Bi-record 
8 Single Duty, Bi-record 


The two remaining numerals cover the type of bulb and 
fittings. Standardized sheets are maintained listing all gf 
the regularly cataloged bulb (temperature-sensitive ele 
ment) forms and fittings. From these sheets the following 
samples have been selected from columns headed “For 
Tube System Type Instruments”: 


Termination 
Numerals Bulb and Fittings 
17 Plain Bulb with Flange 
23 Union Connection Bulb with 
34-inch Separable Bushing 
24 Union Connection Bulb with 
Flange 
35 Plain Pressure Fitting 


Fig. 1—Identifying part number of an instrument link by reference to aroun file 
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either bulbs or manometers, depending upon which of the 
two corresponding columns on the Termination Numeral 
Sheet was used in selecting the numerals. The second 
letter of the catalog number automatically directs the 
column from which the numerals are to be selected. By 
this means twice the number of terminations may be 
possible without using more than two digits. 

The catalog number for a recording flow controller 
employing an aneroid manometer, based upon the fore- 
going, would be 120RD159. Brief consideration will in- 
dicate the large number of possible instrument combina- 
tions for which the 120R Recording Controller may be 
supplied with a definite catalog number clearly identify- 
ing each specific instrument. Comparison with the many 
consecutive numbers which would be required to cover 
these related instrument forms, and the difficulty in en- 
deavoring to have such consecutive numbers clearly iden- 
tify the various combinations, emphasizes the flexibility 
of the unified catalog number plan, particularly for a 
product which is furnished in many different combina- 
tions of basic features. 


Versatility of Plan Demonstrated 


The unified catalog number plan is applied with equal 
facility to instruments such as time cycle controllers or 
industrial mercury-in-glass thermometers, neither of which 
employ tube systems or manometers. Catalog number 
schedule sheets issued for these instruments enable a per- 
son with only short acquaintance with the workings of 
the plan to compile or interpret the catalog numbers for 
literally thousands of instrument combinations. 

Unified catalog numbers are readily adapted to statis- 
tical tabulation by electrical tabulating equipment using 
the Hollerith type cards. The classification feature lends 
itself conveniently to the analysis of production and sales 
data applying to an interrelated line of many varieties of 
product. Expansion of the line and new models are easily 
accommodated and succeeding designs of instruments are 
identified without difficulty even though the tradename 
may remain unchanged. 


PART AND, SUBASSEMBLY NuMBERS: Leaving for the 
time being, the discussion of catalog numbers of completed 
products, attention is now directed to the numbering of 
the parts and subassemblies used in the product. For 
this purpose a companion classified plan is employed 
which identifies the items and, where desirable, indicates 
the finished product on which they are used. 


Part Classification Based on Function 


All parts which are used in the assembly of instruments 
comprising the line are classified by name based upon 
the function of the part. Each classification is assigned a 
number comprised in most cases of one or two numerals 
and a letter. These classification numerals start at 0 and 
run to slightly above 100. In the case of single parts the 
letter is “P”. Where two or more parts become a sub- 
assembly, the letter is “S”. Within each classification the 
individual parts or subassemblies are numbered consecu- 
tively, such consecutive number being preceded by the 
classification number and letter symbol. 

Examples of the part and subassembly classifications 
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showing the classification symbols and the names of the 
parts in the respective classifications are shown as fol. 
lows: 





Part Clas- Subassembly 
sification Names of Classification Names of 
Symbols Parts Symbols Subassemblies 
2P Cases & Clock 2S Case & Clock Box 
Boxes Subassemblies 
10P Cams 10S Cam Subassembblies 
21P Bulbs (metal) 21S Bulb Subassemblies 
85P Caps 85S Cap Subassemblies 
63P Pointers 63S Pointer  Subassem. 


blies 


Standardized sheets listing these part and subassembly 
classifications both numerically and alphabetically ag 
maintained for ready reference. It will be noted that the 
classification numeral is the same for parts and for sue 
assemblies of the same name, the letter “P” or “S” desig. 
nating those respective groups. The parts within each 
“P” group and within each “S” group are numbered. 
consecutively beginning with 1. Numbers of actual paris 
and subassemblies illustrating the features discussed thus 
far are shown below: 













35P177 Cap for Damping Unit 

85S32 Cap Subassembly for Low Pressure Unit 
63P155 Pointer for 6-inch Dial Thermometer 
63S85 Set Pointer Subassembly 


Where parts are made in several different materials 
or finishes but are dimensionally the same, letter suffixes 
are added to indicate such materials or finishes. Within” 
any single group of parts the letter suffixes are standard: 
ized as far as practicable, a given letter always meaning 
the same material for that group. This is quite possible 













since as a rule a particular part is seldom if ever made 
from too great a number of materials to tax the available 
letters. This is also true with finishes. However, it is PLICT 
not expected that a letter suffix will always carry the same al 
meaning when used with parts of different classifications. mny 
: : “any app 
The following part numbers apply to parts made in more snbly ob 
than one material or finish: vith whict 
26P172B Socket, Brass ihe 
26P172C Socket, Copper 
26P172G Socket, Chrome-Nickel-Iron 
26P172M Socket, Monel 
26P172S Socket, Steel ~~ 
2P381A White Case for 8-inch Dial Thermometer 
2P381B Black Case for 8-inch Dial Thermometer 






A further use of the letter suffix is to distinguish be 
tween a casting as obtained from the foundry and the 
part as later machined in the machine shop. In this case 
the letter suffix, which is usually selected from the lat 
letters of the alphabet, indicates that the part 1s @ caste 
ing only and must be machined. When the machi | 
is accomplished the suffix letter is dropped. Of COUISE | 
the part may be made in two materials, the castings W 
each carry a different suffix such as “X” and i 
would upon machining be replaced by suffixes " 


(Continued on Page 216) 
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SPLICING fabric for high-speed, flat-belt 

drives facilitates the designers’ problems on 
umy applications where endless belts cause as- 
sembly obstacles. Also the facility and economy 
with which belts may be produced from stock belt- 
4gmay prove advantageous, especially for custom- 





the field for 


built machines. The method of splic- 
ing was developed by Westinghouse 
and is applicable only to cotton belting 
with an “inner bound’ weave. Such 
belts, left, have outperformed other 
types and outlasted some as much as 
ten times. Using no critical materials, 
belts from two to eight-ply in sizes from 
% to 84 inches in width can readily be 
cemented without the use of special 
tools or expensive equipment. If nec- 
essary, actual splicing can be done di- 
rect on the machine where the belt is 
to be used. 

Procedure is similar to the method 


used for splicing leather and rubber belts. Ends 
are tapered to a feather edge with each ply being 
step cut. Ends are prime coated with a solvent and 
cement solution. After drying, a sheet of cement 
which has been immersed in the solvent is placed 
between the belt ends, securely clamped and al- 


= 


lowed to dry. At room temperature 
4-ply belt will dry in 15 minutes. 


Metallic lead as a lubricant 
is particularly useful for heavily 
loaded, open gears on hoisting ma- 
chines such as shown at left, elec- 
tric locomotives, ball mills and ore- 
roasting machinery. When applied 
in the form of a fine powder (max- 
imum size being 100 mesh with 85 
per cent passing a 325 mesh screen) 
mixed in a high-viscosity grease, 
pressures do not squeeze out the 
lubricant nor does centrifugal force 
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throw it from the gear teeth. Being amorphous and soft, the 
lead will not attach itself to two metallic surfaces in contact. 
Scratches or pits, however, in the surfaces are filled with lead 
and a film of the “greasy” metal protects the meshing teeth 
while providing lubrication. 

Lead powder is also effective for lubricating low-speed, 
high-pressure open bearings by using 10 per cent of powder 
by weight in a nonemulsifiable grease similar to a No. 4 
cup type. This has given excellent service on the lower tum- 
bler bearing of gold dredges in set-ups which are not rubber 
sealed. One set of such bushings has been in service for more 


Friction cutting has many advantages as a production 
method when engineers find themselves limited in designing 
a given part due to the lack of facilities for fabrication. The 
machine for this process, developed by Arthur A. Schwartz 
of the Bell Aircraft Corp. and shown at right, is essentially a 
conventional metal-cutting bandsaw redesigned sufficiently to 
operate with 36-inch solid steel wheels which provide a band 
speed of about 12,000 feet per minute as compared with usual 
metal cutting speeds of 100 to 500 feet per minute. Blades are 
ordinary high-carbon steel such as employed for woodwork- 
ing, having 8 to 14 teeth per inch and with a temper slightly 
on the soft side of usual spring temper. 

In running at 12,000 feet per minute, the saw generates suf- 
ficient heat through the sliding action of the teeth to melt the 
metal but without affecting the structure of the material as in 
the case of ordinary metal bandsaw cutting. Important ad- 
vantage of this method lies in the fact that it is not necessary 


to hold the work solidly against the saw bed during cutting. 


So 


slight is the resistance of the metal to the speeding saw blade 
that the operator may freely manipulate odd shapes in cutting 


irregular patterns. 


In addition to regular production cutting of aluminum steel, 
numerous experiments have been carried out which will intrigue 
designers. For example, the maker of a new and extremely tough 
laminated plastic still in the “secret” stage found the best that 
coult be done with a carbide tipped saw was to make an 18-inch 
cut in material 11/2 inches thick. At that point the saw failed. With 


TITTTN 


‘ O1E BLOCK 





than three years. The lead actually 
plated the bronze, with no indication 
of wear on either the shaft or bushings 
For extra-heavy pressures, 25 per cen} 
powder is used and has been testeq to 
give film strengths of over 40,000 pounds 
per square inch. 





the friction method the same cul 
was made without damage to the 
saw. In another test, rings were cul 
from a glass tube. Armour plate 
may be cut at the rate of abou! 
14 inches per minute. By way 
citing disadvantages, materials suc 
as soft rubber however, cannot be 
cut since loading occurs immediate 
ly, making sawing impossible. 





Jet molding of thermosetting 
plastics produces extremely dens? | 
molded parts that are free from po 
rosity, apparently resulting from the 
high temperatures employed. Int: 
cate parts with thin sections a 
complicated inserts may be pro 
duced rapidly with uniform quality 
and full-rated strength. Jet — 
may be accomplished with 2 stand- 
ard injection molding machine {ot 
thermoplastics by using 4 peel 
sion unit as shown at left which has 
been developed by Plastic 
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ually asses, Inc. Material is moved forward by a plunger that is cooled 
tions | jp prevent the material from softening and building up on the 
ings, plunger. Then the material is forced through a preheating zone 
cent having a temperature between 150 and 190 degrees Fahr. which 
ed tof s below the heat-hardening range of the plastic. As the material 
nds # passes through the injection nozzle it is flash heated to tempera- 
ures between 400 and 1200 degrees depending on the nature of 
he material and the requirements of molding. In this highly fluid 
date the charge is ejected into the mold in a fine stream. Circu- 
ining water in the heating tips prevents transfers of heat from the 
mele to the cylinder or mold. Material which solidifies in the 
pzle apparently is not polymerized because upon the application 














if subsequent heat it again flows. 


Merry-go-round, forty feet in diameter, au- 
Yomatically cures rubber fairings on propeller 
blades as shown in the illustrations at right. Turn- 
ig on rollers, the table has a flat outer rim di- 
ided into 42 separate sectors carrying half-ton 
molds. Each has its individual system of air, 
‘seam, water and electricity automatically con- 
ftolled through cam-operated valves and pressure 
gnirollers. Main supply lines are brought in 
tough the center of the turntable by swing 
yoints ond slip rings. 

The machine cures two sets of 21 blades simul- 
tmeously. Each station starts at a loading point, 
rotates to a gap-type hydraulic press, then moves 
successively through a steam-heating cycle, a 


» Cul 
os water-cooling cycle and finally to an unloading 


san pint half way around the circle. Similar cycles 
slate ae repeated on the other half. The turntable is 
bout actuated by a pneumatic ratchet drive from a 
y of ‘inch air cylinder, advancing a station every 
such 
t be 
jate- 
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twelve minutes. 

Blade has fairing built up by hand from molded 
pieces of sponge rubber and covered with sheets of 
uncured ebonite. This assembly is placed in the mold 
for curing. Turn of the table carries the mold under the 
hydraulic press which closes it under pressure. Mount- 
ings of the table near the presses are on steel springs 
so that there will be a slight give to bring the table 
into contact with the lower platen of the press while 
the press is being closed. After the pressure is re- 
leased the table lifts, permitting the table to revolve 
to the next station. Design and construction of this 
unusual machine were carried out by L. Heres De 
Wyk Co. for Hamilton Standard Propellers Division of 
United Aircraft Corp. 


Delicately balanced so that if power fails manual 
operation would be easy, the 16-inch gun at left utilizes a 
carriage which weighs over 250 tons with a 68-foot barrel 
weighing more than 100 tons. Pivoted on large trunnion 
bearings, the weight of the long rifle is counterbalanced 
by the massive breech assembly, powder chamber and re- 
coil mechanism, while the heavy breech block also is bal- 
anced so that it can be swung open and closed by hand. A 
power-driven rammer facilitates loading. Built at Wellman 
Engineering Co., steel castings comprise a large part of the 
barbette carriages and stands required to support the bar- 
Two ribbed side frames are the principal supporting 
members of the barrel and cradle. Bearings located near 
one end hold the cradle trunnions. 
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Fig. 1—Lack of knowledge of the motions of the junction points B, C and D of the floating link 4 makes impossible a direct 
step-by-step motion analysis of this mechanism. Use of the auxiliary point M makes such a solution possible 


Auxiliary Points Aid 


Acceleration Analysis 


By A. S. Hall and E. S. Ault 


Purdue University 


ELOCITY and acceleration analysis of a mechanism 
V usually is a step-by-step process, beginning with 

the driving link and progressing from point to point 
through the mechanism. Frequently such a solution can 
be accomplished by writing and solving graphically the 
vector equations of motion for the points of junction be- 
tween the links. However, occasions arise when this 
direct method is impossible because of inadequate know]- 
edge of the motion of the junction points, hence some 
special method must be adopted. 

A complex mechanism may contain one or more float- 
ing links—links which do not rotate about one fixed center 
or about a readily located instantaneous center. Link 4 
of Fig. 1 is a floating link supported at three points B, C 
and D with the directions of motion of only two (C and D) 
immediately known. Such a mechanism does not yield 
readily to the point-by-point analysis and consequently 
requires special treatment. A convenient device to effect 
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a ready solution in problems of this kind is the use of am 
auxiliary point. The auxiliary point is considered to be 
a part of the floating link and is at such a location that its 
velocity and acceleration can be determined by the point 
to-point analysis. Once these values for the auxiliary 
point are determined the solution may be completed by 
the usual methods. 
Selection and use of the auxiliary point will be illus- 





POTENTIALITIES of “auxiliary points" 
as an aid to the solution of tough problems 
in motion analysis appear to have been 
overlooked by designers in general. This 
article explains what they are and how fo 
use them and, taken in conjunction with 
previous articles on “How Acceleration 
Analysis Can Be Improved” (M.D. February 
and March, 1943), should go far toward 
bringing a somewhat theoretical subject 

into practical everyday use 


——— 
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ated first in the analysis of the characteristic mechanism 

of Fig. 1, in which the floating link 4 is supported at three 
B, C and D. The velocity solution is started by 

computing velocity of crankpin A on driving link 2: 


V_.== [O,A] We 


This is represented by vector O,a drawn to a suitable 
yale from pole point O, of the velocity polygon, Fig. 1 b. 
Next the vector expression for the velocity of point B 


is written 
Y=Viot— Vin o Leer. se a ee ae ee (1) 


The known quantities in this expression are the direction 
and magnitude of V, and the direction (perpendicular to 
line AB) of V;,,, the velocity of B relative to A. This is 
not enough to determine V,. Location of the instantane- 
ous center of rotation of link 4 would show the direction 
of the velocity of B and enable the velocity solution to 
proceed. This instantaneous center of rotation (velocity) 
would be of no use, however, in the acceleration solution. 
What is needed instead is some point on link 4 whose 
velocity can be determined without recourse to instan- 
taneous centers. Such a point is M on link 4 extended, 
located by extending links 3 and 5 to their intersection. 
Mis not necessarily a point on the physical link but for 
the purpose of analysis it is permissible to think of link 4 
ettended to include point M. M is to be treated exactly 
as any other point on link 4, that is, it is rigidly connected 
to any other point such as B on link 4, and can move rela- 
tive to B only in a direction perpendicular to line MB. 
Velocity of M is 


Va=Vit—V inp eee ee eT ee ee aS Cee ee (2) 


Substitution of the value of V, from Equation 1 into Equa- 
tion 2 gives: 


Vaz at— (Via t+—V np) og We dugn hal dl te Ke aha (3) 


in which the compound vector (Vj,+—>Vms) is directed 
wormmal to line ABM since V,, is normal to BA and Vm» is 
tomal to MB. 

Velocity of M can be expressed also in terms of its ve- 
city relative to point C: 


ES ee en ee (4) 


i which the compound vector (V,+—>Vinc) is normal to 
0; CM since V, is normal to O,C and Vine is normal to 
MC. In other words, Equation 4 says that the velocity of 
auxiliary point M on link 4 is normal to O,M. 

Equation 3 can now be solved for V,,. In Fig. 1b a 
ine is drawn through a, the tip of the V, vector, in the 
trection of (Viz+—V,,»). The intersection of this and 
‘line through O, in the direction of V,, as indicated by 
(4) locates m, the tip of the V,, vector. 

Now that the velocity of one point on, link 4 has been 
tbtained the velocity polygon is easily completed. The 
‘ecessary vector equations are as follows: 


Va (normal to O,D)=V» (known) +—>Vam (nor- 


ere (5) 
Yy (unknown) == V, (known) -+>Vsq (normal 
NG co uae eee (6) 
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V, (unknown) = V, (known) +—V>, (normal to 
ind vin al 4a seen (7) 


V,. (normal to O;C)=V,z (known) +—>V,,4 (nor- 
mal to CD) rere ey (8) 


The acceleration solution follows the same outline as 





Fig. 2—Above—Variable-displacement pump mechanism 
employs floating link 4. Alternative locations of auxilary 
points are M: and M: 


Fig. 3—Below-—Crank shaper mechanism has a floating 
link 4, auxiliary points for which may be at either M1 or M: 
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the velocity solution. If w,, the angular velocity of the 
driving crank, is constant, then A,—A",==[O,A],,,”, di- 
rection A toward O,. The acceleration polygon is started 
by drawing from pole point O, the vector O,a to repre- 
sent the computed value of Aj. 

Next the acceleration of auxiliary point M on link 4 is 
determined by the following equations: 


Am=Apt—Amp=Aat—AwbeAmy «2... .e00 (9) 
also 

An=Act—Ane 

When the vectors of Equations 9 and 10 are separated 


into their normal and tangential components, the follow- 
ing equations result: 


An — Agt Ana + Abtig + A", b + At, b 


and 


A, aaa A",+—A?, + >A", c + At, c 


In Equations 11 and 12, A, is known, the normal com- 
ponents can be computed, and the tangential components 
are known in direction. Regrouping of the terms makes 
it evident that the two equations can be solved simul- 
taneously for A,,: 


An =A,+— Ara + An» +> (Atoa + At ny ) oe ( 13) 


Am=A"®,+ A net > (At. Aline) 


After the necessary velocities have been obtained from 
the velocity polygon and distances scaled from the draw. 
ing the following computations are made: 


A",,=Via?/[BA]}, directed from B toward A 


A" n>=Vm»?/L[MB], directed from M toward B - 
A",.=V,?/[O,C], directed from C toward 0, 
A" nc==Vine?/L[MC], directed from M toward C. 


The compound vector (A*,.+—>Atn,) is directed nop 
mal to line MBA since At*,, is normal to BA and Atay is 
normal to MB. Likewise the vector (At,+—At,,,) is nor 
mal to line MCO,,. 

Solution for A,, is now completed by adding vectors ip 
the acceleration polygon in accordance with Equations 1§ 
and 14. To the tip of the A, vector add A™,, and then 
A"n»». Through the tip of the A”,,, vector draw a line in 
the direction of (A‘,,+—>At,»). Starting back at the pole 
point O, lay out A”, and add to it A*,,,.. Through the tip 
of the A”,,, vector draw a line in the direction o 
(At,+—At,,-). The intersection of this line and the line 
previously drawn in the direction of (Atg+—Atn») Ie 
cates m, the tip of the A,, vector. The acceleration poly- 
gon at this stage is shown in Fig. Ic. 

The acceleration polygon is completed by solving fm 
the accelerations of points D, B, and C in accordance with 
the following equations, in each of which the normal com- 
ponents can be calculated from the velocities and dis 


Fig. 4—Shaker conveyor drive is example of a mechanism 
which requires auxiliary points for acceleration solution 



























































Velocity Polygon (b) 


M and N are auxiliary points on link 4. 
MCN vertical, BN and AM perpendi- 
cular to ACB. 


' 1. Vy, =[V.t—Vme] Giterzeriey) 
2. V,, =V.. (known) 


+—>[Viseot—>V nag] 


(parallel to ACB) 


3. V, =[V.+V,,-] (horizontal ) 
4.:.V, =eV¥,, (known) 
+> [Vi su3t+Vnog] 


(parallel to ACB) 
- Ven/Vinn==CN /MN 


6..V,, = V.t-Va,- . and 
Va, — Vin +—V im 


° Vo, = Viet—V ogc EV ste! 
Vo, =V,+-V5,n 


or 


“I 


Velocity polygon started at O,, 

Scale from polygon and record values 
of: Vasm (distance a,m to scale); Vo4n; 
Vs > V oe > Vea ; Virgbe: 

Compute », (angular velocity of ° 


link 4). 





5. Acn/Ama==CN /MN 





Acceleration Polygon (c) 
Start at O, 


- An =A_-t+—Ame 


=A,tA% ne toAtme * 
= Ane Ceeyeice } 
+—[A,+—Atn-] (horizontal) 


” 7, = A,,—@ > Aagm— A ara, 


=A, >— AX, m——>Alaym 
— Ab ,a4 > 2V aay, 
— Ag,— A agm— 2V apa gy 
(compute ) 
arene. [Ataym +—A' goa, ] 
(parallel to ACB) 


. A, =A,.+—Aac 


a A,+A"nctA'ne 
= A*,, Coeeyelticy) 
4+—»[A,+Atnc] (horizontal ) 


. A, =A),——Apgn— A030, 


=A), A 44n— PA gn 
—— At 3, — W304 
= A);— A gn — 2V 3,5 
(compute ) 
nee [Ato gn t+ Ann, ] 
(parallel to ACB) 





BS—Velocity and acceleration solutions for double 
a rank mechanism in shaker conveyor drive, Fig. 4 
=. ore facilitated by use of tabulated equations 


®$ while directions of both normal and tangential com- 
ems are known: 
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yy ee 
Ag = A";+—> At, apis oe 6 ee pe SU EA eo ee ew 


Ap = Agt Ana +— Ata Ce Le TCT, 


(Concluded on Page 234) 











EW as the latest bom- 
ber yet old as the 
Pyramids, powder 

metallurgy has received a tre- 

mendous impetus due to the 
war. It promises to emerge as 

a full-fledged industry and a 

healthy competitor of more 

widely used fabricating processes. Not only has the adop- 
tion of powder metal parts relieved many vital bottlenecks 
in materials and production facilities, it also has provided 
designers and producers with the “know-how” which will 
enable them to realize the full benefits of the process in 
the development of new parts. 

Originally devised for making things 

which could not be made by any other 

means—filaments for light bulbs, porous 

metal bearings, carbide cutting tools, etc.,— 

powder metallurgy technique has invaded 

other fields and now offers machine design- 

ers another alternative whenever a new or 

improved design is contemplated. Some 

of the factors that will influence the ulti- 

mate decision in a particular case are dis- 

cussed in this article, in the hope that de- 


Fig. 1—In 90 minutes 
production time _ the 
loose pile of metal 
powder at extreme right 
is transformed into the 
bronze war part at right 




















if 


Fig. 2—Electrolytic copper powder, used in clutch and 
brake linings, looks like this under a microscope 


Fig. 3—Below—Shows dies for briquetting powdered 
iron which will become a U-shaped magnet 
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Designing Powd 
By Colin Carmichael 


signers will thereby be aided in specifying and developing 
powder metal parts. 

Because the process by which powder metal parts ar 
made has been described frequently, only brief reference to 
production procedures is necessary. However, certain aspects 
of the process have a vital effect on design and warrant mor 
than a passing reference. First the metal powders themselves 
are selected and blended, then screened. The powder mix 
is compressed or briquetted in a mold, Fig. 3, under pres 
sure sufficient to form a self-sustaining compact which wil 
withstand the necessary handling during transfer to the sit 
tering furnace, Fig. 4. The sintering stage transforms the 
mass of powder into a hard metal comparable in strength 
to a casting. Following sintering the part may be sized in: 
coining press, or may even be machined if necessary. 


Influence of Production Process on Design 


Purity, size and shape of powder grains all influence te 
final properties of the part. Grain size of the sintered meta 
cannot be smaller than the powder grain size, but may be 
larger due to heat treating in the sintering furnace. Angular 
grains, Fig. 2, cohere well in the “green” compact, forming 
a self-sustaining piece, Fig. 4, without the use of a binder. 
Parts which are to be highly porous, such as filters and beat- 
ings, may employ a binder which vaporizes, burns or melts 
out during sintering. a 

iuannaden of the powder in the mold or die differs 
materially from the corresponding process in the case 4 
forgings or plastic moldings because the dry powder go 
plastic qualities and will not flow laterally under a 
As a result there are limitations to the length of a piece ; 
can be compacted to uniform density, and to the shape 
the die, all cavities of which must be filled simply by pouring 
in the powder. Controlling factors in design due to 
limitations will be discussed in detail later. ale 

During sintering, the temperature may be sufficien 
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data. 


It is of interest to note that in the recently issued U. S. 
Army Ordnance tentative specification AXS-1067, dated 
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nelt one of the metals present (but not the major constituent) and 
there may even be some alloying action. More often, the sintering 
temperature is below the melting point of any of the constituents, 
wion of the particles being analogous to welding, with the result that 
the component metals retain their separate identities and characteris- 
tits. Nonmetals in powder form may also be included to give de- 
ited characteristics. This ability to produce new materials is one of 
the outstanding features of powder metallurgy, with possibilities of 
frteaching significance. 


Coining Increases Dimensional Accuracy 


Parts as they emerge from the sintering furnace have somewhat the 
‘ppearance of a smooth casting or forging, Figs. 5 and 8, and may 
be used in this form. Greater dimensional accuracy and smoother 
inish are obtained by subsequent sizing or coining, after which they 
we sufficiently accurate for most purposes. Tolerances of the order 
if.001-inch are possible if the cost is justified. Machining operations 
may also be carried out, using carbide tools, but it should be borne 
mind that much of the advantage of the powder metal process over 
“stings and forgings is lost if the part must also be machined. This 
if course holds true only for parts which are competitive and not for 
ats which can be made only by powder metallurgy. 

Because of the many variables in selection and processing of the 
materials in powder metallurgy, it will be evident that properties of 
vats may be controlled within wide limits. The characteristic which 
Mi sharply differentiates powder metal parts from castings and 
‘wgings is density, which may be anything from 50 to 100 per cent 
of that of the “solid” metal. Strength, hardness, and certain other 
tharacteristics vary inversely with the density, the high-density mate- 
tas closely resembling castings or forgings of the same composition. 

micrographs in Fig. 6 illustrate this point clearly. 
ity control is obtained in two ways—by mixing with the pow- 
~ @ Material that burns or melts out during sintering, and by vary- 
"g the briquetting pressure. Effect of briquetting pressure is parti- 
important in design because unless the part is proportioned 
that the powder can be compacted with uniform density through- 
va oo variations will occur in the sintered piece. If advantage 
taken of the relatively intricate shapes obtainable by powder 
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metallurgy, some sacrifice in uniformity may therefore 
be necessary unless additional die-costs can be otherwise 
justified. 

In the light of the foregoing it will be apparent that 
density, strength, hardness and other properties deter- 
mined by tests on a specimen compacted as a plain cylin- 
drical bar will be reproduced only in simple shapes and 
cannot be expected with more complicated designs. For 
this reason, strength and other values quoted for powder 
metal materials should not be taken too literally as design 





August 16, 1943, “Metal powder com- 
pacts, iron base for miscellaneous 
parts (except bearings)”, the physical 
tests required are to be determined 
after consideration of the function 
which the part is to perform and are 
to be made on samples of the part 
itself. The new specification recog- 
nizes three types of materials: 












































Class A—Low density (5.4 grams per cubic 
centimeter minimum) with total carbon 2.5 
per cent maximum. Material is described as 
similar to common cast iron, suitable for ap- 
plications where the stresses are low. Tensile 
strength, determined on special subsize speci- 
mens, is approximately 15,000 pounds per 


Fig. 4—Above—Strong cohesion of the dry 
metal powder after compacting is well il- 
lustrated by this photograph before sintering 


Fig. 5—Below—These machine parts, the 
larger one of brass and the smaller one of 
low-carbon steel, have had no machining 











square inch, with an elongation % per cent in one inch. 


Class B—Medium density (5.8 grams per cubic centimeter 
minimum ) with total carbon .4 per cent maximum. Material 
is similar to Class A but with higher tensile strength (25,000 
pounds per square inch), a definite yield point, and appre- 
ciable elongation (3 per cent). 

Class C—High density (6.5 grams per cubic centimeter mini- 
mum) with total carbon .2 per cent maximum. Material 
is described as having properties somewhat less than ordin- 
ary malleable iron, intended for application where stresses 
and impact are moderate. Tensile strength and elongation 
are approximately 35,000 pounds per square inch and 7 
per cent, respectively. 


Unless otherwise specified, parts are to be impregnated 
with a suitable rust-inhibiting oil, and may contain copper 
up to 35 per cent by weight. 

In considering powder metal parts as possible alterna- 
tives for castings, forgings, etc., it should be borne in mind 
that the process is adapted primarily to the production 
of large quantities of identical pieces. It is, of course, 


Fig. 6—Above—Similarity of structure between rolled 
copper (left) and sintered copper (right) is apparent from 
these microphotographs 


Fig. 7—Below—lllustrates some of the more important 
factors influencing the design of powder metal parts 


UNDERCUTS, THREADED SIMILAR DESIGN WITHOUT 
SECTIONS ETC. WOULD HAVE UNDERCUT IS WELL SUITED 
TO BE MACHINED AFTER 

PRESSING, ADDING TO COST 


SPHERICAL SHAPES PARTLY SPHERICAL 
CANNOT BE COMPRESSED SURFACES ARE POSSIBLE 
TO A UNIFORM DENSITY 
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necessary to have a new die for each different part. Die 
charges, as well as setting-up charges, are such that it is 
necessary to deal with production volumes of from 5000 
to 50,000 pieces to warrant these charges. 

Another aspect which should be emphasized is the rely. 
tionship between shapes and materials that can be made 
by powder metallurgy, and their cost. For example, a 
certain part that can easily be made by powder metallurgy 
contains a machined groove which is relatively simple to 
cut in a gang set-up. The same groove could also be ip. 
cluded in the part 2s molded from metal powder and in 
many cases this pr ~ lure would be preferred. However. 
it may happen th.. he additional cost of the powde 
metal blank with the ,.oove is greater than the cost of the 
turning operation, due to one or more of the following 
factors: 


1. More intricate die design and die work 

2. Greater allowance for setting-up time 

83. Slower operation 

4. More frequent breakdowns of set-up due to breakage 


or wear of the die parts involved 
5. More careful supervision 
6. More thorough inspection. 


Thus certain shapes which can readily be made by pow- 
der metallurgy technique are not economically feasible if 
the part can also be readily made by some other method. 
In other cases, depending upon general shape of the 
part, material and tolerances, it may easily be possible 
to incorporate special features without additional cost. 

The following general rules for the detail design of 
molded parts may be helpful in determining whether pow- 
der metallurgy should be considered as a possibility for 
a particular part: 


1. Re-entrant angles in the direction of pressing cannot 

be molded. 

Holes at right angles to the central axis of pressing 

cannot be molded. 

8. Threads cannot be molded. 

4, Parts more than three or four inches in length are prone 
to weakness of structure in the center, because the 


to 
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prone es 
e the pressing is done from the top and bottom only. Longer 


lengths may be extruded. 
. Parts that require dies of weak construction such as 


owt 


should be avoided. Powder metal parts are molded 
at pressures of 20,000 to 80,000 pounds per square 
inch or even higher, and failures in the dies will occur 
under these pressures. 

& Bevels and radii should be allowed at all edges and 
angles in order to prevent flash marks. 

1. Tt must be possible to construct dies so that, on filling, 
all powder is placed in final position, inasmuch as the 
powdered metal will not flow laterally in the die. 

| Large and sudden changes in cross-sectional area should 
be avoided. 





Some of the foregoing rules, as well as additional point- 
"Son design, are illustrated in Fig. 7. 

pications of powder metal parts may be classified 

“Refractory (high melting point) metals; porous 

ings; cemented carbides; machine parts com- 

peting with castings and other methods of fabrication; 

linings; and filters. 

p , the first was used by the ancients who, prior 

the development of smelting, were unable to obtain 

tly high temperatures to melt iron. In modern 







1948 Bf Macunye Desicn—November, 1943 





feather edges, small pins, narrow and deep splines, ete., - 























times it is used for the manufacture of tungsten filaments 
for light bulbs, the melting point of tungsten (6150 de- 
grees Fahr.) making other methods impractical. 

Porous metal bearings with porosities ranging from 25 
to 35 percent and impregnated with oil have long been 
familiar to engineers. War machines such as tanks and 
airplanes have been prolific users of such bearings because 
they need little attention. Freedom from the necessity of 
frequent oiling and greasing results in substantial savings 
in time and maintenance personnel, with corresponding 
increase in fighting efficiency. 

Sizing operations on porous bearing bushings produce 
accuracies of + .0005-inch for bore and outside diameter, 
closer limits if necessary, without machining. The resulting 
smooth finish, free of tool marks, obviates the necessity of 
“running-in” such bearings. In applying porous or “oil- 
less” bearings it is customary to base design on the “PV” 
factor (bearing pressure in pounds per square inch of 
projected area times surface speed in feet per minute), a 
value of 50,000 being-considered a good average. In a 
particular case, materials and operating conditions will 
govern the selection of PV value, while there are limits 
to the pressure at low speeds and to the speed at low 
loads. Bronze is much used, although powder iron bear- 
ings containing from 3 to 13 per cent copper provide 
greater tensile strength as well as conserving substantial 
amounts of copper. They are extensively used in aircraft 
and ordnance equipment. Porous bearings are produced 
in sizes ranging from bores of a few thousandths of an 
inch to parts weighing more than sixty pounds. ; 

Pictured in Fig. 8 is a variety of powder metal parts 
which illustrate some typical applications. Shown at a 
is a vacuum sweeper bearing made of porous iron im- 
pregnated with a plastic petroleum, for operating at 9000 
revolutions per minute and required to function 2000 
hours without additional lubricant. Part b is a slide block 
used on a machine-gun base, which transmits much of the 
shock of firing the gun. Formerly hand-made and hand- 
fitted, the part is now made by powder metallurgy and 
held so uniform in size that hand-fitting has been eliminat- 
ed. The wheel bearing (d) is used on an industrial truck 
and provides self-lubrication throughout the life of the 
unit. The flange in the middle is difficult to mold, but 

(Concluded on Page 180) 
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Fig. 1—Spiral brusholder spring for motor 


LAT spiral springs, consisting essentially of flat strip 
wound to form a spiral, have many advantages from 
the standpoint of energy storage within a limited 

space, particularly if the spring is required to deliver 
torque. In addition, such springs are relatively simple 
to manufacture. Because of these advantages, spiral 
springs are widely used in clocks, watches, electrical in- 
struments and similar devices. Other applications include 
brush-holder springs, Fig. 1, phonograph motors, etc. An 
unusual use of this type of spring as an energy storing 
device is shown in the experimental circuit-breaker mech- 
anism of Fig. 4. 

If the spiral spring is so wound that individual turns 
do not come in contact, the analysis for the spring may 
be carried out with considerable accuracy. Such an ex- 
ample is provided by the hairspring of a watch. On the 
other hand, if the turns of the spring are wound tightly 
together, as is true of a phonograph motor spring, a dif- 
ferent sort of analysis must be made because of friction 
between turns. These cases will therefore be treated sep- 
arately, the primary purpose of the present article being 
a discussion of the fundamentals underlying spiral spring 
calculations. 

In the first analysis it will be assumed that the outer 
end of the spring is clamped as indicated in Fig. 2. It 
also will be assumed that the spring has a large number 
of turns which are, however, separated sufficiently so that 
adjacent turns do not come in contact during deflection 
(1)* The inner end of the spring is fastened to an arbor 
which pivots about point O and is acted on by a torque 
M,. 

For a built-in condition, at the outer end A of the spring 
a tangential force P, a radial force R (passing through O) 
and a moment M,, will act. The external torque M, is 


EE. ini chit (EL ch ata eeC Need ee phanreeos ase (1) 


*Numbers in parentheses refer to list of references at end of article. 
#Where the spring is made of strip material, more accurate results 
will be obtained by replacing E by E/(1-y?) where , = Poisson’s ratio. 
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If M is the bending moment at any 
point of the spiral having the coordinates 
x and y, then from the statical conditions § Using Eq 
of equilibrium, Ie these « 


M=P(r+y)+Mi-Rx ............ @ [ a 
EI 
J 


EI 


tion 2 


Using the value of Pr given by Equation 1 in Equ- (a 
¢ 





M=mM.(14+~ )-m,~ - a 


The energy stored in a short length ds of the spring 
acted on by a moment M is from ordinary beam theory (2) 


M?ds 
i a 


where E is the modulus of elasticity and I the moment 


Fig. 2 — Spiral 
spring with large 
number of turns, 
clamped outer end 





inertia of the cross sectiont. 
Total energy U stored in the spring is 


I I 2ds 4) 
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0 0 Pi uation 8, 
In this ‘the integral is taken over the total length of 
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The Castigliano theorem (2) states tha 
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pirat Springs 


izivative of the stored energy U with respect to a static- 
ily indeterminate force or moment which does no work, 
mst be zero. Since neither the force R nor the moment 
\,, do work as the spring deflects, this means that 





Dries 
0U rs) 
= 0 Ay U = 0 
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ition: § Using Equation 4 and differentiating under the integral 
fin, these conditions give 





iM aM 
(2 a om | 
[a oer ass concerns sivnsnanssnnss (5) 
Equ§ MoM 
[a 7 ela Eee (6) 
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Fig. 3 — Pinned 
outer end of a spir- 
al spring, large 
number of turns 


ant of 






inthese 1 is the total length of the spiral. 
Since ET is assumed constant from these equations the 
“owing conditions hold: 
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Quation 8, 
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Using these equations together with Equation 3 in 


Similarly, using Equations 3 and 7, 


f'[“G+2) _ M~ - Rx] xds=0. (10) 
0 


The Castigliano theorem (2) also states 
that the partial derivative of the stored 
energy U with respect to an external mo- 
ment gives the angular deflection due to 
this moment. Thus the angular deflection 
¢@ due to the moment M, becomes (using Equation 4) 








_ 2 _¢' MM , 
“om. J EI 0M, DSi 5 bes wash womens ee ie 
Differentiating Equation 3, 
0M y 
ee Lat soudiwkdlacsadusauneacankiduteon 2 
ne ate enetinsaenisherenseneerrneiias o 


Using Equations 3 and 12 in 11 the angular deflection ¢ 
becomes 


-erf Pol +~)-M2 - Rx] (1 +=\ds=0 


Equation 10 may be written 


l l l l 
if Morast MP ds [Mas [ Rx*ds=0. (14) 
0 0 v 0 


For a spiral spring with a large number of turns, the 
following equations also hold with sufficient exactitude 
for practical purposes: 


l l i 
f xds=0 ; f yds=0 ; f xyds=0 
0 0 0 


This means that the first three integrals of Equation 14 


Fig.~4—Experimental mechanism utilizes spiral springs 















































Fig. 5 — Spiral 
spring with small 
number of turns 


are zero. Hence 


l 
f Rx’*ds=0 
0 


Since f x*ds cannot be zero it follows from this equation 
that R=0. In other words, at the outer end A of such a 
spring, Fig. 2, the radial load R will be zero. For a small 
number of turns, this will not be true, however. 

From Equation 9 


1 ’ l 2 l 2 l 
i Mtb + f i f Mee ~ f R- ds=0 
0 r 0 - 0 r 0 r 


Since R=0 and f (xy/r)ds=0 for a large number of 
turns, this equation reduces to 





l yy 
fotmo NO Se havent Gosnell (15) 
0 

Since f (y?/r?)ds cannot be zero, Equation 15 shows 
that M,—M,=0 or M,=M,. Using this condition in 
Equation 1, PO which means that the tangential force 
at the end A, Fig. 2, also vanishes for the condition as- 
sumed. Since R is also zero, and M,=M,, Equation 3 
shows that M=M, which means that the moment is con- 
stant along the length of the spring. 

Taking M,=M, and R—0, Equation 13 reduces to 


: 'M ‘Mand 16 
“arf s+ f as | ST eee (16) 


Again for a large number of turns f (y/r)ds=0 and 
f ds=l. 


Hence the angular deflection ¢ becomes 


rf Ml 
~ gr 





In this ¢ is given in radians (or degrees divided by 
57.3). This equation thus states that the angular deflec- 
tion of a spiral spring with a large number of turns and a 
length 1 with built-in outer end is the same as that of a 
straight beam of length / built in at one end and loaded by 
a moment at the other. 

Since the moment is constant along the length of the 
spiral the nominal stress g (neglecting curvature effects) 
for the case of Fig. 2 will be given by 





§See writer’s article, MACHINE DeEsIGN, May, 1940, for a further 
discussion of stress concentration effects. 
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moment M, will be 


where b=width of spring cross section and h=thicknes 
of strip. . 
Usually there is some stress concentration at the clamped 
















ends of the spring. If fatigue or repeated loading j 
present (as in the hairspring of a watch), this should by M=M.| 
taken into account by multiplying the stress calculate 
from Equation 18 by a stress concentration factor’, ful From th 
most applications where the number of repetitions of Joa) 
during the life of the spring is small, stress concentratigg 
effects are neglected, however. 
Where a small number of turns is involved, Equatioy 
17 and 18 should be modified as discussed later. This follow 
force R de 
When Outer End Is Pinned Therefore ] 
Different 


Frequently in practice, for manufacturing reasons th 
outer end of a spiral spring may be held with a pin 
stead of being clamped. Neglecting friction no momet 
will act at the pinned end A and the loading condition 


TOTAL ANGLE OF COIL (IN DEGREES 


Fig. 6—Stress concentration factor « for spiral spring 
with small number of turns 


Fig. 7—Below—Stiffness factor for spiral spring ¥” 
small number of turns 
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moment at any point of the spiral having the coordinates 
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sing Equation 19, this expression may be written 
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|. Full From the Castigliano theorem, as before, 
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This follows as a consequence of the fact that the radial 
foe R does no work during deflection of the spring. 
Therefore Equation 5 also applies. 

Differentiating Equation 20 with respect to R and sub- 







ms the 
pin i 
1oment 


us 
ations 


a 


+ a 


a es 


we 

ee 

ee 

ra 

tees alas © 


es a ee 
+f =| 3 TURNS 
) a40 320 400 480 560 640 720 800 880 960 1040 
[eta \te\enee Maa ho ize.4ac) 


@ &Above—Curves for finding radial deflection of 
agg of spiral spring. Angle ¥ measured from outer end 


aa 


“s : 
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I I 1 
Pf reds+P f syds—R { x'ds=0 
0 0 0 


AS before, for a large number of turns, the first two in- 
may be taken as zero. Hence this equation gives 


(9 


mt, 
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Since fx*ds is different from zero this means that the 
radial force R is also equal to zero for the pin-ended case, 
Fig. 3. 

As before the angular rotation ¢ is given by Equation 
11, using the value of M given by Equation 21. Differen- 
tiating the latter partially with respect to M, and substi- 
tuting the result together with Equation 21 in Equation 


1], 
wf tw+2)-ms](04 2) 
a 


Since R was found to be zero this simplifies to 


arf (+243 )e 


From the condition that f{ yds=0 for a large number of 
turns, this equation becomes 








M, f' a 
= al (1+2>)as Ritiaetae eaukue sees aenees ied (23) 
Also for a large number of turns 
oe’ 
~ 4 


This value is approximate. Using it in Equation 23, the 
expression for ¢ simplifies to 


Ml 


@=1.25 El Cee sicunitensie 





Comparing this with Equation 17 it is seen that, for 
the same external moment M,, a spiral spring with a 
hinged outer end will have about 25 per cent more 
angular deflection than the corresponding one with 
clamped outer end, provided adjacent turns do not come 
in contact. 

The maximum moment in the spring will occur when 
y==r (approximately). Taking y=r in Equation 21, 
since R—=0, this gives a maximum value M—=2M,. The 
maximum stress is then 





_ 6(2M.) _ 12M. 
a 


For a given external moment M, this stress is twice that 


Fig. 9—Spiral spring 
wound on arbor 
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for a spring with a clamped outer edge (Equation 18). 
However, it should be noted that it occurs at a point op- 
posite to the pinned end where there is no stress concen- 
tration. If the arbor diameter is small compared to r, the 
moment at the inner clamped end will be M, which is the 
same as that for a spring with clamped outer end. This 
means that the stress at this end will also be the same and, 
since there is always some stress concentration at this 
point, it may still happen that in some cases this is the 
limiting stress. Also touching of the coils, as may easily 
occur in practice, will tend to reduce the stress given by 
. Equation 25. For a more extensive discussion of spiral 
springs with large numbers of turns the reader is referred 
to the article by Van den Broek (3). 

ExamMp.Le: A steel torsion spring having a pinned end 
A, Fig. 3, is subject to an external torque M, equal to 25 
inch-pounds. The outer diameter is 2 inches, the bar sec- 
tion is % by .06-inch, and the total length 15 inches. Re- 


Fig. 10—Unwound 
spring resting 
against case 





quired the stress and the deflection. Assuming a mod- 
ulus E80 10* pounds per square inch, 


bh? .5(.06)* od 
== 5 79X10 


From Equation 24 for a pinned end 


— pop Mel __ 1.25X25X15 
O= 1-9 FT ~ 30X10°X9X10* 





-=1.73 radians 


This corresponds to an angular rotation of 1.73(57.3) = 
99 degrees. 
From Equation 25 the maximum stress is 


12M, 12X25 


ae 5(.06)? = 167000 lb. /sq. in. 





Co 


The stress at the clamped end O where stress concen- 
tration occurs will be but half of this or 84000 pounds per 
square inch. However, this latter stress will be aug- 
mented by stress concentration effects due to clamping 
of the end. 


Springs with Few Turns 


In some practical cases where large torques are in- 
volved it is necessary to use a relatively heavy cross sec- 
tion for the spiral spring as well as an arbor of larger 
diameter. This means that the number of turns in the 
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spring may be relatively small so that the Previously dis. 
cussed theory (based on a large number of turns) 9 
longer applies. However, an analysis of this case may be 
made by using similar methods to those described 
viously (4). This analysis will be briefly outlined, 
Considering a spring with a small number of turns a3 


Inner End Is Assumed Clamped 


shown in Fig. 5, it is assumed that the spring is clamped 
or built in at point B at a radius r, while the outer end 4 
may move in an arc about point O. The angular defle. 
tion of the end A (in radians) is equal to the movement 
of A along the arc divided by the outer radius r,. 

The moment M at any point on the spiral having the 
coordinates x and y will be given by Equation 2 using ¢, 
for r. This is, 


The three unknown quantities M,, P and R in this equa- 
tion may be determined from three equations obtained by 
using the Castigliano theorem. Since the point A is as. 
sumed constrained to move along a circular arc about 0, 
the work done by the force R must be zero. This means 
that G=U/oR=—0 and Equation 7 holds. 

By differentiating Equation 26 partially with respect to 
R, 


Using this and Equation 26 in Equation 7, the following 
expression is obtained: 


= [Pirety)e+Mix—Retlds=0 ssn seawaleeaee 
0 


During deflection of the end of the spring through an 
angle ¢, the moment M, will also move through the same 
angle. From the Castigliano theorem this condition gives 


=——=—— | M——ads ......... 2... ee reer (28) 
e""9M, EI f ami 


From Equation 26, 0M/0M,=1. Using this in Equ- 
tion 28, together with Equation 26, 


1 7 1 9) 
indie sennes +y)+M — Rx] as (29) 
zr) Mds arf [Po y)+Mi 


Another equation is also obtained from the Castiglian 
theorem which states that the total deflection in the diree 
tion of the force P must be equal to dU/dP. Since Pis 
always assumed to be directed along the arc of motion 
the end A, Fig. 5, this deflection will be 1,9. Hence 


0U i t aM aa 
ro= spat | op FO. caciglie 
: is t0- 
But from Equation 26, 0M/dP=r,+9- Using this 
gether with Equation 26 in Equation 30, 
(Continued on Page 208) 
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—Photo, courtesy Swedlow Aeroplastics Corp. 


Wheel fairing for aircraft is molded from fiberglas laminated plastic 


"No-Pressure” Laminated Plastics 


By Cecil W. Armstrong 
Senior Research Engineer 
Lockheed Aircraft Corp. 


NGINEERS, particularly those in the aviation in- 
y dustry, are vitally interested in high-strength, low- 

density materials which show promise of utiliza- 
tin in airplane structures. This interest exists because 
of the following reasons: 


l, Need for further reduction in weight of all types 
of airplanes in order to obtain better performance 

2. Need for increasing the rigidity of all thin gage 
sections to reduce local failures resulting from 
vibration and to maintain contours under all flight 
conditions 

8. Need for reducing the number of manhours re- 
quired for tooling, fabrication, and final assembly 

4. Need for improvement in the overall smoothness 
of all aerodynamic surfaces. 


It is generally agreed among aeronautical engineers that 
the development of a low-density structural plastic mate- 
til, capable of being molded in large assemblies with in- 
‘pensive molds, would help to satisfy these needs. The 
word “structural” implies that the plastic material will 
possess certain minimum mechanical properties. For 
‘tuctural use in airplanes, the strength-weight ratios and 
other mechanical properties must compare favorably with 
those of the commonly used aluminum alloys. 

Because so many new resins have recently been devel- 
oped, it has become exceedingly difficult for the engineer 
'0 choose any one material for a specific application. Need 
‘sts for reliable engineering data on plastic materials so 
that an intelligent selection of a material for a specific 
‘plication can be accomplished. 

Among the new resins which have become commer- 
“lly available (military requirements first, of course), 


° 
te grtzact of a Paper presented at the recent semiannual meeting of 
can Society of Mechanical Engineers. 
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there are several thermohardening resins which are unique 
in that no external pressure is required during the process 
of molding a plastic part. These new resins may be used 
in combination with high-strength filler materials to pro- 


’ duce low-density, high-strength laminated plastics which 


soon may fill some of the needs already enumerated. 

To produce a laminated plastic article from one of these 
“no pressure” resins, one or more layers of the filler mate- 
rial may be wrapped around or draped over a mold, the 
filler material being saturated with the liquid resin either 
before or after placing in contact with the mold. The 
laminate then is cured (hardened) by application of heat. 
Curing temperatures seldom exceed 240 degrees Fahr. 
The curing period may require from thirty minutes to 
eight hours, depending upon the particular resin, the 
thickness of the laminate, and the heat conductivity of 
the mold. If a smooth, glossy surface is desired, non- 
porous cover sheets such as Cellophane may be used. 


Forming Intricate Shapes 


Parts having intricate shapes and double contours may 
necessitate the use of some pressure (.1 to 10 pounds per 
square inch) to keep the impregnated fabric filler mate- 
rial in intimate contact with all surfaces of the mold and 
to prevent free resin from accumulating in localized spots. 
For application of these pressures, the use of thin trans- 
parent films of inexpensive thermoplastic materials has 
been found to be more suitable than the use of expensive 
synthetic rubber bags. Many novel and ingenious tech- 
niques already have been developed for the fabrication of 
complete assemblies, which if made of metal would re- 
quire the forming and assembly of several contoured parts. 
Because of the fact that pressures are low, molds may be 
simple, light in weight, and inexpensive. Primary require- 
ment of molds for fabrication of parts from these new re- 
sins is that they be to correct dimensions and contours. 

A preliminary study of the limited amount of available 
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TABLE I 


Physical Test Results 





































































































































































































LAMINATE DESIGNATION 223 224 309 236 22/ a 
FILLER, FIBERGLAS NO. 0¢-63 0C- 63 OC-63 | ECC-N-127__ | ECC-11-148 lec 
NUMBER OF LAMINAE 2 l2 8 18 10 Pe 
STACK ARRANGEMENT PARALLEL | CROSSED 90° | CROSSED 90° | CROSSED 90° | PARALLEL |cRoSsep 
NOMINAL THICKNESS, INCHES 104 107 107 128 124 re 
SPECIFIC GRAVITY 196 1.93 1.69 181 1.80 iz 
TENSION 
DIRECTION OF LOAD WITH WARP ~ = - WITH FILL =a 
ULTIMATE LOAD, LBS. 6,390 3.140 2.095 2.640 2070 2 
SPECIMEN WIDTH, IN. 604 502 502 502 482 505 
ULT. LOAD PER INCH OF WIDTH PER LAMINA 880 520 520 315 430 et 
TANGENT PROPORTIONAL LIMIT PS.1. 5Q000 32,000 21,000 26,000 13,000 13.500 
01% OFFSET PROPORTIONAL LIMIT 58.000 41,000 25,000 27,500 15,000 15.500 
2% OFFSET YIELD STRESS = 58.000 = 38.700 “4 30,800 24.300” 
ULTIMATE TENSILE STRESS 105,000 58,500 39,000 44,200 =| 34600 36200” 
YOUNGS MODULUS'OF ELASTICITY PS! 5.960.000 _| 2800000 | 1900000 | 2100000 | 1500000 | 190q00p 
ELONGATION AT FAILURE (% OVER 2 INCH LENGTH) 18 2.3 21 26 26 29 
COMPRESSION (EDGEWISE) 
DIRECTION OF LOAD WITH WARP ~ - ~ WITH FILL : 
ULTIMATE LOAD. LBS. 1340 | 1,380 1,580 1,393 1,000 1200 
SPECIMEN WIDTH, IN 496 500 495 500 500 500 
ULT. LOAD PER INCH OF WIDTH PER LAMINA 225 | 230 400 155 200 300 
TANGENT PROPORTIONAL LIMIT PS. 26.100 25,950 21,500 14.000 11,000 10000 
0/% OFFSET PROPORTIONAL LIMIT = = 23.700 15,000 14,000 12.000 
ULTIMATE COMPRESSIVE STRESS 26.100_ 26.000 29.000 22.500 16.300 19600 
YOUNGS MODULUS OF ELASTICITY-PS1 55002000 | 3000000 | 2260000 | 2800000 | 2200000 | 230000 
DEFORMATION ¢% OVER 2 INCH LENGTH) 47 86 138 86 75 93 
MANNER OF FAILURE DIAGONAL SHEAR | DIAGONAL SHEAR | DIAGONAL SHEAR | DIAGONAL SHEAR | DIAGONAL SHEAR | DIAGONAL SHEAR 
BENDING (FLATWISE) 
LENGTH, WIDTH. THICKNESS, INCHES Sxh.02x102 _|5x.745x.106 _|5x.749x.109 |5x.75/x.128 | 5x.751x.126  |5x™Mbullb 
SPAN, INCHES 3 3 3 3 3 3 
ULTIMATE LOAD AT CENTER OF SPAN, LBS 138 90 128 105 94 78 
TANGENT PROPORTIONAL LIMIT PS1. 55.000 41,000 45,000 17,000 19,000 19,000 
MODULUS OF RUPTURE, PSI. 59,300 48.200 64,800 38,400 35,500 34.900 
MODULUS OF ELASTICITY. P'S.1. 4950000 | 3000000 | 2100000 | 2300000 | 1,630,000 | 2080000 
BEARING 
HOLE DIAMETER = 124 124 124 1e4 124 
NOMINAL BEARING STRENGTH (4% HOLE DEFORMATION) - 28,000 23.500 20.000 29,500 23.300 
ULTIMATE BEARING STRENGTH, PSI. = 32,100 31,300 38,500 34,800 34,600 
Taste II stacking or cross stacking (alternate 
Specific Strength Comparison laminae oriented at right angles) of 
0) @ unidirectional materials. Results shown 
. * i- 
SPECIFIC | SPECIFIC | SPECIFIC | SPECIFIC | SPECIFIC ULT. in TaBLE I were obtained from spec 
MATERIAL TENSILE | TENSILE | BUCKLING | MODULUS OF | BEARING mens cut parallel to one of the two 
a = —— —— “a principal directions of the laminates. 
MR-1A FIBERGLAS- 223 53.500 3.040,000 790,000 15,400 - Preliminary tensile tests made from 
MR-1A FIBERGLAS - 224 30,300 1,450,000 416.000 12.900 16,600 . Cre degrees 
rty-five de 
MR-IA FIBERGLAS- 309 23,000 1.120.000 435000 22.600 18.500 specimens cut at for wie rf ‘ 
MR-IA FIBERGLAS - 236 24.400 1.160.000 388,000 11,700 21,300 with the principal directions 0 P 
MR-1A FIBERGLAS - 221 19,200 833,000 280,000 10.900 19,300 cross-stacked laminates exhibited ulti- 
MR-IA FIBERGLAS - 241 20.200 1,060,000 362000 10.900 19,300 ; h and tensile mot- 
245-7 ALCLAD ALUMINUM ALLOY 20.200 3,800.000 495.000 7300 29,600 mate tensile strength and ten 
245:RT ALCLAD ALUMINUM ALLOY 22400 3,800,000 495,000 8,100 32,400 ulus values thirty to forty per cent 























Specific Tensile Strength 
Specitic Tensile Modulus 
@ Specitic Buckling Stability 


Specific Modulus of Rupture 


= Ult. tensile strength divided by specific gravity 
= Tension modulus dwided by specific gravity 
= Flexural modulus divided by (specific gravity) 


= Modulus of rupture divided by (specific gravity)* 


Specific Ult Bearing Strength = Ulf. bearing strength divided by specific gravity 


data, supplemented by various laboratory tests, indicated 
that the MR-1A resin (an allyl derivative), when lami- 
nated with certain of the fiberglas fabrics, possessed better 
mechanical properties than any of the commercially avail- 
able “no pressure” resins. Accordingly, a modest test pro- 
gram was undertaken by the Lockheed Structures Re- 


search Laboratory, results of which are here reported. 


Typical test results are given in Taste I. 
these values, adjusted to an equivalent weight base, are 
compared with corresponding values for two aluminum 
alloys in TaBLE II. ° Attention is directed to the fact that 
these laminates are anisotropic, resulting from parallel 
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Certain of 


lower than corresponding “with grait’ 
values. 

Attention is directed to the fact that 
both the thickness and density of the 


laminate are dependent upon the rel 


tive proportion of resin and filler materials. In tensio, 
most of the load is carried by the filler material. at 
laminates, each containing the same number of lamin 
but varying in resin content, might carry equal tensile 
loads, but because of the greater thickness would have 
different ultimate unit stress and modulus value 
Examination of the data will show that the resin conten 
(low resin content results in high specific gra 
for optimum tensile properties will not resul 
bend and compression properties. This fact may be ea 
onstrated by comparing data obtained on laminate 
with corresponding data obtained on laminate 309. 


t 
vity values) 
t in optimum 
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—Drawings, courtesy Gisholt Machine Co. 





Applying 
Principles of 
Dynamic Symmetry 


Sequel to series of articles in the past three issues 
under the title “The Shape of Things To Come” 


By R. S. Elberty 


Consulting Engineer 

















A‘ IS a controversial subject and there are artists who refuse to , 

accept dynamic symmetry arguing that art must not be bound Fig. 31—Top— Headstock is based on 
by rules. In like manner, machine designers have objected to golden complement rectangle and summa- 

the use of dynamic symmetry on the ground that they do not care to be tion series, retaining design features * 


Fig. 32—Above—Unity in design is achiev- 
ae ee, ee 
ed for idler pulley by applying the same 


Emphasizing the usefulness of the theory of principles as in Fig. 31 : 
ynamic symmetry, this contribution shows restricted, and that dynamic symmetry is not functional. 
how the principles discussed in the preceding The practical engineer will reject appearance features that 
articles may be applied effectively in obtain- add to the cost of the machine, and he will favor func- 
Ing an integrated and correct design tional design in cases of conflict between functional and. 
ae symmetrical features. However, any design offers many 
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Fig. 33—Typical of the appli- 

cation of the principles is 

this design of a prefabricated 

house in which all parts 

bear a definite relationship 

to each other and therefore 
to the whole 


cases where the designer must use judgment in the pro- 
portioning of machine parts, cases where functional con- 
siderations are of small importance. Dynamic symmetry 
is a practical tool for the correct solution of this type 
of design problem. 


Headstock and Idler Harmonize 


For example, the machine tocl headstock, Fig. 31, 
shows a ball bearing mounted spindle using the American 
Standard 4” A-2 lathe spindle nose and tandem mounted 
No. 210 precision ball bearings. The spindle has been 
designed for a minimum overhang and a rigid bearing 
mounting. Its design is functional and uses certain stand- 
ardized parts, no functional features having been con- 
ceded in the interests of symmetry. A GC (golden com- 
plement) rectangle has been selected as the basis for the 
outward appearance of this spindle. The summation 
series* has been used, the units being selected in inches. 
Thus, the spindle housing is 50 inches square by 13 
inches long. Finished mounting pads are 5 inches long, the 
center relieved portion being 3 inches long. The entire 
composition is a GC rectangle composed of two squares 
and one 1/GR, or a recriprocal golden rectangle. The ex- 
ternal appearance is pleasing from any viewpoint; there 
is no conflict between functional and symmetrical re- 
quirements. 

Idler pulleys to maintain belt tension on the headstock 





*Summation series are discussed in previous article, MACHINE DEsIGN, 
Oct., 1948, as well as golden rectangles and their derivatives. 


Fig. 34—Elliptical radii on machine cover have useful advantages 
over circular curves from appearance standpoint 
—Drawing, courtesy New Britain Machine Co. 
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—Drawing, courtesy John Moodie 


or to drive auxiliary equipment utilize No. 205 ball bear. 
ings for carrying the load at the speeds required, the 
bearings being spaced effectively far apart. Symmetrical 
considerations were met by making the bearing housing 
assembly 3 inches in diameter and 5 inches long. Sufi. 
cient belt take-up is obtained with a 5-inch center-ip. 
center length of arm, and the clamping hub is made 
3 inches in diameter to match the bearing housing. Fig, 
382 shows the results obtained from this design and a 
comparison of Figs. 31 and 32 indicates how the applice- 
tion of dynamic symmetry has achieved a unity of design 
between these parts that are so different in appearance, 
Several functional considerations on Fig. 32 are dictated 
by the dimensions of A-section V-belts. The pulley can 
be reversed, and the washer omitted from the stud, allow- 
ing the idler pulley to engage V-belts in any one of four 
planes depending on the assembly of the parts. Since 
these functional considerations show some conflict with 
the symmetry of the summation series, symmetry has 
been omitted except that the idler pulley has been made 
5 inches in diameter. 


Series Could Apply To Related Machines 


The same principles used in applying the summation 
series to machine elements can be used to form a common 
design basis for entire groups of machines. For example, 
household appliances could be designed to go into 4 
home in any arrangement or combination without any 
clashing or conflict of design. To carry this idea further to 








—Photo, courtesy New Britain Machine if 
tica 


Fig. 35—Cover in Fig. 34 shows how ellip 
curves integrate appearance 
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embody the factory-built home, the selection of such a 
now will enable our homes of the future to be as- 
ymbled. in a variety of ways and to be correctly 
sled, Fig. 33 shows the design of a small house based 
oi‘the summation series. The appearance would be 
equally pleasing with several optional groupings of the 
rooms, because each room bears a definite relationship to 
he others and therefore to any assembly of units. 
With cast iron construction, generous corner radii and 
filets are correct from the viewpoint of foundry practice. 
These features add strength to castings and make the 
machines easy to clean and paint. Designers tend to use 


Ee amo" 


Fig. 36 — Scroll 

employing quad- 

rants of circles 
and ellipses 





circular fillets due to ease in drafting, and the pattern 
makers probably favor this construction because it makes 
their work easier. But once the pattern is made the cost 
of casting is the same, and thousands of castings have been 
ugly only because a circle is easy to draw. The circle, 
based on a square, is static in nature; dynamic radii 
may be based on ellipses. Thus, it is possible to have 
comer radii in root 2, root 3, etc., construction. Fig. 34 
shows a machine cover designed with elliptical radii. 
Fig. 35 shows this cover and the associated machine parts. 
The elliptical radii achieve unity in the design. 

The GR has been shown (Fig. 24+) to be composed of 
aseries of squares, and circular radii can be used in the 
dynamic sense on GR, GC, root 5 and root 4 rectangles. 
Fig. 36 shows a scroll composed of quadrants of alter- 





1 
| 
| 
| 
a 
pP——+———f--—-— + ——-4 


ae | | 


nl a —+ — aap ae 


= circles and ellipses based on the GR. Fig. 87 shows 
‘division of a square into two root 4 rectangles and eight 
‘wot 4 rectangles all through the use of elliptical quad- 
wants based on the root 4 proportion. 

ese are simple examples of the application of geo- 
metrical curves; many other applications will occur to the 
machine designer. Curved surfaces might well use other 
sometrical curves—for example, the parabola and 

bola which are curves closely related to the ellipse. 


Fig. 37 — Square 
divided into root 
4 and root 1/4 
rectangles to aid 
in achieving 
pleasing’ ellip- 
tical radii 











"filaom 
Macuve Desicn, Oct., 1948, Page 92. 
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Since dynamic symmetry is based on higher mathematics, 
there is no reason why solid and analytical geometry 
should not be utilized to enrich designs. Streamlining is 
a product of our modern life both geometrical and func- 
tional in its nature and is therefore a further development 
of dynamic symmetry—the development of the geometry 
of speed. 

The motor, hydraulic pump and tank combination 
shown in Fig. 38 utilizes a synthetic summation series as 
a design basis. The motor frame is standard with the 
manufacturer, and 3% inches long by 6% inches in diam- 
eter. The summation series was selected to -include 
these numbers, the entire series being 1%, 2%, 3%, 6%, 
10 and 16%. Any dimension is therefore related to all 
the other dimensions, and the design utilizes root 4, GR 
and GC proportions as accurately as the series will permit. 





Fig. 38—Pump designed for postwar market required only 
minor changes to embody summation series 


The actual functional requirements of this pump do not 
concern this discussion. However, the entire design was 
first based on requirements and later styled. Many dimen- 
sions wese unchanged; the greatest change in dimension 
from the original design was % inches. This pump is a 
post-war development and publication of its operating 
features is not permissible at the present writing. 

Engineers understand and work in the field of mathe- 
matics. The application of mathematics to design appear- 
ance should be a step easily taken by machine designers. 
The problem of making an artist out of an engineer is cer- 
tainly no greater than that of making an engineer out of an 
artist. Dynamic symmetry bridges the gap and provides 
the machine designer with design fundamentals closely 
related to engineering through the medium of mathematics. 
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Seeing Metals at 
High Magnification: 


By Charles S. Barrett 
Carnegie Institute of Technology 





then appe 

ESOLVING power of a light mice. | “i 
scope, which is limited by the spear ‘“ 

wave length of the light used and metal, wh: 

the numerical aperture of the objective nletyves 
lens, seldom exceeds about .5 microns steps at d 
(5000 Angstroms). The electron micro- surface gi 
scope, using a wave length only 1/100, particles « 
000 that of ordinary light, and an elec- alloy stan 
tron lens having a numerical aperture § are dey 
of about .02 instead of the usual 1.2 to ae 
1.4, should have a theoretical resolving elleace « 
power some 1500 times better. The § 4... he 


best obtained thus far, however, is 40 
Angstroms, which is 100 times better 
than the optical microscope. Resolution 
in metallographic applications is limited The etc 
by the details that can be developed by § metals an 
etching and transferred to a replica, and § structures. 
the present results indicate that two § be seen f 
spots 150 Angstroms? apart can be defin- § tations, 
itely resolved by the polystyrene;silict J pattems p 
method, and roughly the same distances § lated to g: 
(perhaps slightly greater) by the form J but it seer 
var method. fects are d 
Shadows and dark lines on the prints § of the cry 
correspond to shadows in the electron § tems obvic 
pattern, and these occur where the tation, TI 
replica appears thick and opaque to the # tion appe 
electron beam. If a metal surface co § boundaries 
tains narrow grooves after etching, poly: § than grain 
styrene will be pressed into the grooves § shaped and 
and form projecting fins. It appears that Precauti 
silica is deposited uniformly over the Ff microscopy 
surfaces of the flat places and on the Portant wi 
sides of these polystyrene fins; all flat J This applie 
areas perpendicular to the electron beam ff repeated 


—_—__—— SUCcessi 
ogress ve 
®Abstract of a paper_presented p Me’ Pt the and ng 








rt at th ecent Chicago mee! : 
3 American Institute of Mining an Metallursic#! etch ihe 
High-purity copper, magnification 10,000, after annealing one hour at - ) ¥ gstrom units is approximately 00000059 is 
a temperature of 800 degrees Cent. edit olen 
\ 
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Left and right—Pearlite 
in eutectoid steel at a 
magnification of 
20,000. Difference in 
appearance is due to 
orientation of __ the 
cementite lamella 
which in the right-hand 
view are nearly parallel 
to the surface 


then appear thin and transparent to the 
nys, while the fins, which present the 
film obliquely or edge-on to the beam, 
appear opaque. Projecting fins on the 
metal, which make narrow grooves in the 


polystyrene, register similarly. Abrupt - 


steps at differences in level of the metal 
surface give dark lines. For example, if 
paticles of one phase in a two-phase 
alloy stand in relief above the surface 
or are depressed below the surface they 
ae surrounded by dark lines. Indirect 
evidence can frequently distinguish ele- 
vations from depressions. 


Interpreting Patterns 


The etched surfaces of single-phase 
metals and alloys frequently exhibit 
stuctures of remarkable interest, as will 
be seen from the accompanying illus- 
tations. It may be possible that the 
patterns produced are in some way re- 
ted to galvanic effects in the etchant, 
but it seems more probable that the ef- 
fects are due to variations in perfection 
of the crystalline grain, since the pat- 
tems obviously change with grain orien- 
tation, The attack of the etching solu- 
ton appears to be fastest along the 

undaries of domains much smaller 

grains, which in copper are rod 
shaped and in monel metal are equiaxed. 

Precautions that must be taken in 
microscopy at high magnification are im- 
Portant with the electron microscope. 
This applies particularly to the need for 
“peated polishing and etching (each 
‘weessive polish becoming less severe 
and each etch lighter), since the final 
etch should in general be no heavier 

1s used for oil-impression optical 
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Below—High-purity copper at magnification 10,000, after cold-working: 

Upper views show slip lines produced by 5 per cent compression, lower 

views are after 72 per cent compression, polished surface being perpen- 
dicular to plane of compression 





microscopy and in many instances should be much lighter. 
An extremely light etch, of course, is incapable of cutting 
through a flowed layer if the flowed layer has appreciable 
thickness. 

Replicas used were of silica, deposited upon polystyrene 
and floated from the polystyrene in ethyl bromide accord- 
ing to the method of Heidenreich and Peck. The samples 
were mounted in bakelite, polished and etched, then the 
polished bakelite surface was given a very slight coat of 
beeswax in ethyl bromide and placed in a mounting press 


_ were exposed at magnifications of 2000 to 6300 and sub. 





under powdered polystyrene. The press was heated tp 
150 degrees Cent. before applying pressure, then coolej 
to 70 degrees Cent. while under a constant pressure of 
8000 pounds per square inch. The bakelite-polystyreng 
interface then cleaved apart easily, exposing the moldej 
replica of the specimen surface, on which the silica was 
deposited from a tungsten conical filament in a smal 
chamber evacuated by an oil diffusion pump. All plates 


sequently enlarged. 





Specialization with a Vengeance! 


UMOROUSLY sketched below are a number of air- 
plane designs envisioned by C. W. Miller, engineer 
for Vega Aircraft Corp. as he believes each engineering 
group would design a plane according to its primary in- 
terests. Depicting gadgets for the equipment group, im- 






Loft Group 


Empennage Group Power Plant Group 





Stress Group 
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practical lightness for the weight group, simple standard 
sections for the stress group, accessibility for the service 
group, simplicity for the production group, etc., his draw. 
ings effectively show “dream” airplanes evolved from pet 
theories. This is Yankee ingenuity run riot! 





Production 
Engineering Group 





Controls Group 





MACHINE Desicn—Novembet, 1945 





Du 


IMI 
dra 
quit 
partment, 
most eng: 
For these 
ing Opaqu 
time-consi 
ing again: 
means of | 
design ch: 
out alteri 
Semiph 
ings have 
cially sat 
methods | 
quality, g 
Sepia neg 
parent ba 
density, t 
Althous 
pencil dr 
produced 
Superior | 
in Fig, ] 
bumber ¢ 
Which is 
prints dey 
opaquene 
Paper or 
tubs off 
Opacity ay 
parency, 
Pencil dr 
For the 
Cates of 
o in som 


MACHINE 


doled 
re of 
Tene 
ded 


mall 
lates 
sub- 


dard 
rvice 


lraw- 
1 pet 


UY 








Duplicate Tracing 
Minimizes 


Drafting Work 


By John W. Greve 


IME is vital in the drafting room both because 
drawings for approved designs must be printed 
quickly as well as clearly for the production de- 
partment, and manpower is not generally available in 
most engineering departments for making ink tracings. 
For these reasons, recently improved methods for produc- 
ing Opaque-line duplicates of pencil drawings without the 
time-consuming and tedious task of “inking” and check- 
ing against the original merit careful consideration as a 
means of obviating a bottleneck in the drafting room. Also, 
design changes may be made readily on a duplicate with- 
out altering the original master and without redrawing. 
Semiphotographic methods for duplicating pencil draw- 
ings have been improved recently and produce commer- 
tially satisfactory results. Sepia negatives and similar 
methods are also utilized for this purpose although the 
quality, generally, of the original drawing must be good. 
‘epia negatives from pencil drawings have slightly trans- 
parent backgrounds. If the background were of proper 
density, the fine lines would be completely burned out. 
Although prints from semiphotographic duplicates of 
pencil drawings do not have the same quality as those 
produced from tracings made with india ink, they are far 
‘uperior to those made direct from a pencil drawing as 
m Fig. 1, Further, the duplicates may be printed’ any 
tumber of times without impairing their original quality 
Which is far from true with pencil drawings. Quality of 
pints depends upon the degree of contrast between the 
paqueness of the pencil lines and the translucency of the 
Paper or cloth. Handling of pencil drawings invariably 
nubs off some graphite from the lines, reducing their 
Opacity and smudging the tracing, thus reducing its trans- 
Parency. For this reason each succeeding print from a 
pene’ drawing becomes less satisfactory. 
=» the reasons just mentioned, it is best to make dupli- 
® of pencil drawings as soon as possible after the 
. oe is finished. To wait until the design is approved 
some cases until the pilot model has been produced 
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Fig. 1—Comparative facsimiles of blueprints made direct 
from a pencil drawing and from a duplicate tracing, shown 
at top and bottom, respectively. Interposed are the 
negative made from the pencil tracing and the duplicate 
made from the negative. Considerably more strength 
is obtained from the duplicate because of its opaque lines. 
In the top print the lines weré beginning to burn through, 
necessitating a too-short printing time. Duplicates are 
on K & E Photact 


introduces complications that may render redrawing nec- 
essary. At least the quality of the duplicate, and there- 
fore that of the resultant prints, is inferior compared with 
duplicates from “fresh” drawings. 

Semiphotographic duplicates are silver-image prints in- 
volving the use of negatives in their production. High- 
contrast emulsions are employed so that all lines are 
opaque. In this method the line either is reproduced 
opaque or there is no line. No halftones are obtained, 
thus assuring that a uniform printing quality will be ob- 


141 




































tained. If the duplicate has broken lines, it was under- 
exposed or had poor contact. If the lines have grown 
in width it was overprinted. Proper balance will produce 
a good print provided the original has sufficient contrast. 

Whether prints are to be made by blueprint, black and 
white, ammonia vapor or other direct processes, this in it- 
self is an advantage by virtue of the fact that uniform print- 
ing time may be employed. Variations in quality of pencil 
drawings on the other hand would necessitate fussing to 
obtain the best print possible or even a readable one in 
some instances. Where less-than-usual-skilled operators 
are employed, as is frequently the case under wartime 
conditions, this factor takes on added significance. 

When restoring faint pencil drawings, it is necessary to 
over-print the drawing considerably to give the duplicate 
sufficient strength for blueprinting. Lines on the same 
drawing that have sufficient strength, however, become 
overprinted and reproduce with a fuzzy growth, as shown 
in Fig. 2. This is a limitation imposed by the extreme 
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Fig. 3 — Above — Duplicate 
tracing on cloth produced from 
an ink original and a sepia 
negative. Image may be 
deleted readily for changes by 
rubbing with a damp eraser 
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range of the original because an opaque image is desired 
from the weakest line on the drawing. 

In drawing originals, a considerable investment in time 
is involved. Therefore production drawings and those re- 
quiring a number of easily readable prints should be 
drawn on the best medium available. Excellent papers 
and cloths have been developed with a good, fine tooth 
for taking sufficient graphite from a pencil. When quality 
of prints and investment in drawing time are considered, 
there is every justification for the use of cloth for produc- 
tion drawings even though cloth costs roughly eight times 
as much as tracing paper. Cloth for pencil takes graphite 
in heavy, black lines even from a 7H pencil. 

Some users prefer white cloths or vellum to tints for 
pencil work because the tints ‘are believed to reduce the 
contrast of the lines. Users’ generally prefer 3H or 4H 
pencils for lines and H or 2H for lettering, depending 
upon the pressure exerted by the draftsman. Drawings 
made in this way have been satisfactorily reproduced with 
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sepia negatives, which are less expensive than photo- 
graphic. They require, however, drawings with excellent 
printing contrast. Relative costs are $.60 compared with 
$.98 for photographic contact and $1.60 for projection 
Reproduced tracings on waterproof cloth are requi 
by many government departments from their prime co 
tractors. For instance the Navy requires seven such trac 
ings. Obviously duplicate tracings are worthwhile for thi 
and eliminate the possibility of deviations or errors 1 
dividual copies. Tracings also have been satisfactorily 
produced from blueprints by the photographic metho, 
obviating the necessity of making a tracing by hand. Fr 
Probably one of the most useful time-savers involves . 
terations, whether the original is ink or pencil. Duplicate 
tracings may readily be altered to take care of design 
changes, model changes, etc., without the necessity of Te 
drawing. This is particularly helpful where -—— 
drawings need relatively few changes. Two a 
in ‘general use. One involves blocking out the nes# 
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where changes are to be drawn. The subsequent dupli- 
wite then can be inked in for the altered design. The 
cond method involves erasures on the duplicate itself. 

The image is easily removed with a damp eraser or some- 
times dry even though the image seemingly will withstand 
ay amount of ordinary abrasion. On ammonia-vapor 
pints, a corrector fluid is used. A third method is ad- 
vantageous when entire sections are to be deleted. After 
the print is exposed these sections to be printed are cov- 
aed with an opaque sheet and placed in the printer a 
cond time. This burns out the exposed portions and 
the print made from the negative will be clear in the sec- 
tions to be altered. Some drafting rooms find it advan- 
tageous when altering linen prints, Fig. 3, to rough the 
surface slightly with a dry eraser after the image has been 
deleted to restore sufficient tooth for the subsequent draw- 
ing. Two solution eradicators, however, leave the surface 
in good condition. 

Duplicates produced in a vacuum frame printer are as- 
sued of contact between tracing and negative over the 
entire surface, minimizing blurred lines and line growth 
which would result if there were the slightest separation 


: 


Fig. 4—Photographic emulsion 
on tracing cloth conserves 
daftsman’'s time through use 
of photographs for assembly 
drawings and has proved a 
boon to many shops. Dimen- 
sions and instructions may be 
lettered on the tracing 


fom the negative. Negative then is the same size as 
mginal. Tracings produced by this method are restricted 
to the size of frame available unless the exposure is made 
i sections. Continuous printing is also satisfactory and 
Snot limited as to the length of print. With this method 
of printing, however, it is essential that good contact be 
maintained betweeen tracing and negative, as well as be- 
ween negative and sensitized duplicate, to assure a sharp, 
tlar reproduction, similar to that obtainable in a vacuum 
fame. If enlargement or reduction is required a camera 
‘employed for projection. If enlargements or reduc- 
tions are desired and this is known at the time the original 

wing is made, allowances should be made for weight 
tf line and size of lettering, allowing for line growth. 

If reproductions are to be made from originals which 
* opaque or have printing on the reverse side, a camera 
“utilized. Often, however, printing by the reflex method 
‘employed. This method is similar to contact printing ex- 
“pt that a yellow filter is interposed between the light 
“cure and the reproduction material. ‘The original is 
Placed facing the light and in contact with the emulsion 
tide of the negative. The light thus goes through the 
sasitized material and is reflected back through it from 
the original—the black lines absorbing the light and the 
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clear sections reflecting it. Exposure time is about half 
that of regular contact printing and negative is processed 
in the same manner as in the standard method. Processing, 
however, is more critical because contrast is sacrificed by 
the fact that the negative has been flashed overall with 
the passing of the light through it. 

Worthy of consideration for many uses is a tracing cloth 
with a photographic emulsion. Photographs of assemblies 
may be printed on this cloth as shown in Fig. 4 and then 
dimensions, instructions, and other information may be let- 
tered in by the draftsman. In addition to saving the 
draftsman’s time which otherwise would be needed for a 
detail assembly drawing, this method has the advantage 
of being readily understood by new shop men who are 
untrained in the reading of prints. The aid to them by 
reducing confusion has proved a big boon in many war 
plants. Lockheed Aircraft believes this method means al- 


most as much to them as their templet photography. The 
limitations of the method, however, require that the pho- 
tograph show the relation of all the parts to each other. 

Many plants have adopted the precaution of microfilm- 
ing all their drawings, often in duplicate, and of storing 





these copies in vaults at remote locations for safe keeping. 
At the time of air-raid precautions this procedure became 
increasingly popular. Strangely enough companies found 
that microfilming of pencil drawings could be projected to 
produce prints superior to the original. Usually satisfac- 
tory projection is limited to about 16 diameters. Line 
growth is experienced on such prints, probably due to 
limitations of the optical systems and the overprinting re- 
quired for opaque lines. Postwar developments no doubt 
will greatly reduce the limitations of the former, probably 
with glass-coated, parabolic plastic lenses and finer grain 
developers. 

A new development that will receive postwar attention 
is a Dutch process for reproduction that is now reported 
to be used by the government. Clean, sharp prints are 
obtained almost automatically by an electronically-con- 
trolled printer and printing emulsions are said to have 
better latitude for good reproduction. 

Cooperation of the following companies is greatly appre- 
ciated for information and illustrations included in this article: 
Charles Bruning Co.; Eastman Kodak Co., Figs. 2 and 4; 
Eugene Dietzgen Co.; Keuffel & Esser Co.; The Frederick 
Post Co., Fig. 3; Ozalid Products Div.; Paragon-Revolute 
Corp., Fig. 1, Remington Rand Inc. 
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Fig. 1—Standard nickel steel 
aircraft bolts were tested as 
received and in specially ma- 
chined modifications at various 
strength levels 








Obtaining Maximum Bolt Strength 






ALTHOUGH nickel steel bolts which have By G. Sachs, P. S. Cole and R. A. Roth* 
been heat treated for highest tensile strength 
and hardness fail in the threads under pure 
tension, addition of some bending transfers 






















the failure to the head. How to develop ECENT investigations on various alloy steels have 
maximum strength under such conditions is shown that sharp notches reduce materially the 
described in the accompanying article, ab- strength and ductility of cylindrical test bars if the 
stracted from a paper presented at the ultimate strength or “strength level” of the steel exceeds 
twenty-fifth annual meeting of the American a value of approximately 200,000 pounds per square inch ff py 9 my. 


Tubing subjected to internal pressure exhibits a similar, 
but not quite as pronounced, “embrittling effect” if the 
strength level of the steel exceeds a value of approximate- 
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ly 150,000 pounds per square inch. Cylindrical notched § case t 

bars and bolts also have been found to break at reduced omy 

loads, in a brittle fashion, if their strength level wa il degre 

above 150,000 pounds per square inch, also if a bending Ya 

strain was superimposed upon the applied tension by ag 

means of shims placed under the heads of the test bars tat * - 

Sie. 2-Bhows topical under the nuts of the bolts. It was the particular purpose ai ty 

failures of bolt speci- of the investigation discussed in this article to cl silieieea: 

mens: Thread break at some of the factors which might cause embrittlement a. : 

extreme left, notch high-strength alloy steel bolts. la ee 

break in center and Commercial aircraft bolts, fabricated from SAE 2390 tats it 

head break at left steel, were selected for the investigation. The most ™ a n 

portant fundamental factors influencing their ste 1 Wsdegres 

were as follows:  cross-se 

1. Various strength levels, as determined by the tem- re “ 

| sen Sngh goes of hye metals, CoS ee fT deter 
i sie armed forces. ; cal 
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pering procedure after proper hardening 

9, Various shapes of the head, which was found more 
prone to rupture than the thread, in the range of 

’ conditions conducive to brittle breaks 

§, Various types of loading—regular tension and ten- 
sion with super-imposed bending. 


Two lots of SAE 2330 bolts, %-inch diameter by 3% and 
$i inches total length, respectively, Fig. 1, were used for 
the investigation. They were heat treated by quenching 
fom a vertical furnace containing a forming gas atmos- 
phere into an airlift quenching tank followed by tempering 


hig, 3—These fixtures were used for testing bolts under 
combined tension and bending 


it various temperatures for an hour in an electric forced air 
convection type furnace. The hardening temperature, 
15300 degrees Fahr., was maintained for one-half hour. 
All specimens were machined before heat treating, hence 
the results apply to a steel with a decarburized surface. 

an early stage of the investigation it was observed 
that various failures of the bolts occurred under different 
cnditions, Fig. 2. Two major types of failure were 
teognized: (a) Breaks through the thread, and (b) 
breaks under the head. 

In addition to tests on bolts in the shape supplied, 
tts Were made also on bolts reduced in section at various 
pants, Fig. 1. Some such specimens were provided with 
* 60-degree sharp notch, which removed 30 per cent of 

Cross-sectional area of the reduced section. Further 
“ties of tests were made on bolts with an increased radius 
machined under the head. Also the ultimate strength 


“ determined by testing specimens with a reduced 
lindrical section, 
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Thus, four different strength characteristics of the 2330 


steel in various conditions of heat treating were deter- 
mined: 


Strength through the thread or “thread strength” 

Strength under the head or “head strength” 

c. Strength through the notched section or “notch 
strength” 

d, Ultimate strength or “strength level” of a cylindrical 

section. 


os 


With the exception of the cylindrically machined bars, 
all other types of test bars were subjected to tensile tests 
in two ways: 


a. By means of regular ball-seat fixtures 
b. With a tapered shim or washer having an angle of 
10 degrees. 


The tapered shim results in eccentric loading of the 
test bar, or in a superposition of bending on the applied 
tension. This eccentricity will be higher in the sections 
close to the shim than in sections farther away. This en- 
ables one to apply a higher eccentricity to the thread (or 
notch) than to the section under the head and vice versa; 
Fig. 8. The rolled thread, as well as the corners under 
the head, and also the machined sharp notch and ma- 
chined head fillet had a radius of approximately .002 to 
.003-inch. 

Results of the various series of tests are plotted schem- 
atically in. Figs. 4 and 5 against the tempering temper- 


V/eJaala)saaa) Sealalea) 
POLS LAG "Gf CIF LYLSL Ul 





Fig. 4—Summarizes in schematic form the results of thread 
and notch tests on nickel steel aircraft bolts 


ature. Thread strength and notch strength, Fig. 4, in 
tests without shim, were almost identical for a given con- 
dition. This confirms the previously recognized fact that 
threads and compound notches behave much the same 
way as a single notch of the same contour and depth. 
Throughout the whole range of the investigated strength 
levels, both the thread strength and notch strength are 
25 to 35 per cent higher than the ultimate strength. The 















































































absence of low strength values in these series of tests 
means that the threaded section of SAE 2330 steel bolts 
is not susceptible to embrittlement for any possible heat 
treatment or strength level, if subjected to regular tension 
with little or no eccentricity. 

However, if a shim is added under the nut, the bolts 
were found to possess a much lower strength than with- 
out a shim. In the series on threaded bolts, irregular re- 
sults were obtained and the thread stripped in all tests. 
A shim under the nuts of bolts provided with a notch 
close to the thread resulted in low notch-strength values 
at the highest strength levels, being less than 40 per cent 
of the ultimate strength, Fig. 4. With increasing temper- 
ing temperature the notch strength increased rapidly, ul- 
timately becoming practically the same as that of bars 
tested without shims. 

Section under the head was found to be more suscept- 
ible to embrittlement than the thread, Fig. 5. In the as- 
quenched condition, all test bars failed in a cup-like 


Tempering Temperature, °F 





Fig. 5—Shows schematically the results of various head 
tests on nickel steel aircraft bolts 


fashion, Fig. 2, underneath the hhead, rather than through 
the generally weaker section (through the.thread). Also, 
if the séction was reduced under the head, the as- 
quenched bars still failed under;‘the”head in a brittle 
fashion rather than through the cylindrical section. This 
is interesting in that it proves thatthe embrittlement of 
the head is not primarily dependent upon the fiber as de- 
termined by the heading process but upon the notch 
effect of the head contour. 


Increasing Head Strength 


In order to obtain a thread failure for the as-quenched 
condition, the radius under the head was increased by 
machining off a part of the head, from a few thousandths 
of an inch to 1/16-inch, Fig. 1, thus increasing consider- 
ably the strength of the section under the head when 
conditions are conducive to brittle failures. 


Tests with a. shim under the head also showed that 
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the section under the head was more liable to embrittle. 
ment than the thread, Fig. 5. Head strength for the high, 
strength levels, if tested with a shim, was as low as 90 
per cent of the ultimate strength. Only when the strength 
level decreased to 160,000 pounds per square inch o 
lower did the head strength become identical for bolts 
tested with and without the shim, the failure then Oceur- 
ring through the thread or in the reduced section, if any, 

Again, it was found that this embrittlement could be 
reduced materially by machining stress relief radii under 
the head, although even a radius of %-inch did not elim 
inate completely the effect of the shim. However, jt 
raised the range of strength levels which were not Suscept- 
ible to brittle head breaks to approximately 240,000 
pounds per square inch, Fig. 5. 


Results Are Summarized 


1. In tension, with little or no superimposed bending, 
ductile breaks occur through the threads except in the as. 
quenched bolts. 

2. As-quenched bolts show brittle failures under the 
head at low and widely scattered loads, thus indicating 
greater notch sensitivity at this point than exists in the 
threads. 

3. Failures under the head can be prevented by adding 
a “stress-relief” radius from shank to head. If necessary 
in practical cases, this may take the form of a semicircular 
groove having a radius of one-eighth to one-sixth of the 
shank. 

4. Superimposed bending at either the head end o 
thread end causes brittle failures in these sections at con- 
siderably reduced loads. For a 10-degree shim under 
the head, brittle failures occur at the head for tempering 
temperatures below 800 degrees Fahr. or strength level 
above 160,000 pounds per square inch. 

5. For a shim under the nut, failures occurred at low 
loads by stripping of the threads in an apparently brittle 
manner. Only for tempering temperatures above 1200 
degrees Fahr. did the thread reach approximately the 
same strength when tested with a shim as without. 

For tempering temperatures less than 400 degrees Fa. 
(strength levels above 250,000 pounds per square inch), 
brittle failures were obtained through a .002-inch-radiu 
notch placed near the nut and tested with a shim under 
the nut. 

6. Brittle breaks under the heads are suppressed by thy 
use of a relief groove. Commercially feasible radii (1/16 
inch) permit superimposed bending without impairmet! 
at levels up to 225,000 pounds per square inch. 

7. The as-quenched bolt showed a lower tensile strength 
and a greater tendency toward brittle failures with super 
imposed bending than a bolt stress relieved by tempering 
at 200 to 400 degrees Fahr. 

8. Bolts of the selected steel and size may be heat 
treated to 250,000 pounds per square inch if the ye 
ing in service is to be in pure tension, but 175,000 pow 
per square inch is the maximum safe limit if superimp? 
bending is present. 

9. A greater strength level may be used in the ac 
of superimposed bending if a fillet is used under the si 
Possible improvement may result from the use of fille 
the thread bottoms. 


MACHINE Desicn—November, 1943 








MACHINE GA \ DESIGN 





Design Field Wins Increased Recognition 






























elim- 
ols [* is doubtful whether the standing of the design profession has ever 
1,000 been as high as at present. Chief engineers and designers are not, as a 
rule, aggressively voluble, and their concentration of purpose has tended 
in the past to minimize the credit which is their due. 

Outstanding achievements in design of war equipment and machines 
ding, for producing it have, however, wroughta change. No longer do machinery 
sel companies hesitate to name the engineer who is primarily responsible for 
the the development of a specific type of machine that has proved invaluable— 
ating in this ‘“‘war of machines''—to the progress of the fighting forces or to the 
1 the production of equipment for them. Almost daily one hears of the 
cing accomplishments of individual designers, and on every hand can be seen 
sary signs pointing to the fact that design is rapidly assuming its rightful place. 
= Among the evidences of this current recognition are the numerous 

items of information published by machinery manufacturers in which are 
d or sung the praises of the engineering staffs. There also are the réports of 
cOn- visitors to the battle fronts in which American equipment is rated as second 
nder to none. Then too there are the plans of some of the leading engineering. 
ah societies to accord the design profession due recognition through the 
establishment of design divisions within their organizations. 
= The designer has had his opportunity. In seizing it he not only has 
1200 performed yeoman service for his country but has raised his prestige to a 
the new level. He still has the chance to develop equipment that will bring 
the war to an earlier close. And he has other opportunities ahead—un- 
‘at surpassed in peacetime history—to develop new machines of all types 
= that will go far toward bringing order and well-being to a disrupted world. 
nder 
the Materials Work Sheets 
ie 
neat ESIGN engineers have long felt the need for a single source of 
information to which they could turn for assistance in the selection 
. of materials. Handbooks, catalogs and technical bulletins have been of 


ring some help but usually have fallen short in supplying complete data. 


To remedy this situation MACHINE DESIGN inaugurated in the 


t 
us October issue its series of Materials Work Sheets. The response from 


‘ain 
nds . readers already has proved that this type of comprehensive information 
sed is eagerly sought, and indicates that the series will prove of inestimable 


value in the specificotion of design materials. 
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Left—Made of stainless steel, the disk 
spindle of Bridgeport's cut-off machine is 
mounted in extra wide grease-packed 
ball bearings and driven by motor which 
is: positioned to balance the disk assem- 
bly. Coolant is fed by vane-type pump 
through flexible rubber hose. Guard 
shown is transparent plastic 
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off eccentric on mainshaft. Nonrepeating 
_ knockout mechanism is utilized to insure 
only one work cycle taking place for each 
solenoid impulse. Hinged guard makes and 
breaks electric circuit to clutch solenoid 





_ Below—Lifted by means of cables threaded through sheaves 
to a double drum winch, blade and blade arms of Heil cable 
_ dozer are of welded plate construction, the blade being high- 
tensile carbon steel. Unit is mounted on International Har- 
-vester tractor, the tread wheels of which are gear driven 


Right—Driven through chain and change. gears, the 
spindle speed of Thompson automatic profile miller 
is variable. Cam controls traverse and feed of work 
table, rotation of which is accomplished through 
hardened and ground worm gear. Disk with ad- 
justable lugs is employed to control work cycle 


Lett—First two of the speed reductions from 
motor for feed of Boice-Crane thickness planer 
are accomplished through V-belts, second two 
reductions through gears and last reduction by 
means of roller chain. Starting and stopping 
of feed is controlled by lever-regulated pivot- 
ing arm on which are commonly mounted the 
- second reduction driven pulley and third re- 
duction driving pulley 


Left—Cylinder and end plé , 

for Aro pneumatic hand drill are ni- 

tride-hardened alloy steel, ground and 

lapped to mirror finish. Rotor is four- 

bladed type with blade slots off center. 
Housing is molded plastic 


Below—Controlled by solenoids in combination with limit 
. switches, pumps and boring bars on LeMaire 3-way boring 
ee 4 machine are motor driven through V-belts and gears while 
a tables are fed hydraulically. Main frame is cast iron; gears 
§ leit—Employing foot-pedal are heat-treated steel; hydraulic tubing is seamless steel 
s control for rotation and mag- eos 
ne ization of chuck which is 
per mounted and direct 
Pativen from motor, Lima pol- 
Fishing lathe has pedestal 
and motor frame of cast iron, 
pself-contained rectifier unit 
Mupplying direct current for 
Mhuck magnetization, and 
MMagnetic disk-type brake 
* quickly stopping ‘chuck: | 











Materials Availiability 


A SOMEWHAT EASIER situation with respect to ferro- 
alloys should prove helpful to designers. Obviously there 
are still limitations as to uses. But more leeway is indi- 
cated, and on anything like essential work it appears that 
designers can revert, for some alloys, to more normal 
specifications. In other words there is now not quite the 
pressure to conserve on one alloy at the expense of 
another or, as has been the case in some instances, to 
employ an entirely different material. 

For instance, regarding vanadium an appreciably better 
situation has developed. The acute shortage noted for 
some months after this country entered the war has eased 
under the development of mining properties, largely 
government financed. Actual production figures are being 
withheld but the gain is known to be substantial. 

Moreover, customer requirements in some important di- 
rections also have eased, notably in high-speed tool steels. 
Actually, there is said to be a comfortable excess of 
stocks of these steels in this country—a development, 
interestingly, similar to that. which began in England 
some time ago. The betterment in vanadium reflects also 
improvement in supply of tungsten and molybdenum and 
certain other important alloys, all closely interrelated; and 
by the same token, the better supply of vanadium has 
eased the situation in these other alloys. 

The trend toward the use of normal analyses for 
materials for war work and essential civilian requirements 
should be reflected in increasing degree over coming 
months—although always subject, of course, to government 
limitation orders. 


Better Patent Protection? 


CONGRESS will shortly be asked to consider a series 
of bills which, their authors hope, will abate the increasing 
agitation by designers for better protection of their patents 
from infringement under present war conditions, and later. 

Whether these bills are merely a recurring effort to 
solve the issue, or will lead to constructive action that will 
stand, is still in the future. 

The first of these, by Representative Wadsworth of New 
York, H.R. 1213, broadens the legal safeguards of inven- 
tions used by the government or for the government. In 
substance, this bill would require the government in the 
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case of any suit against it for payment for use of inven. 
tions, to make answer within 60 days after complaint has 
been filed. It would then require the government to dis. 
pense with certain obstructive legal tactics, forcing the 
government to admit material facts as disclosed by the 
records of the departments or their agents. Legal repre. 
sentatives of the agencies concerned would be compelled 
to assist claimants in getting material evidence from the 
records of such departments under certain defense safe. 
guards. 

The bill would further require maintenance by the 
government or its agencies of strict records of the use of 
inventions, as to time and ownership, with full reports to 
owners or assignees of patents; this clause would require 
full accounting for the time in which patents are classified 
on the government “secret” list and, further, a record of 
all examinations by any parties, of such files on patents 

Another measure introduced by the same author aims 
to facilitate transfer of cases in a given suit to the proper 
court, where suit is brought in a strange jurisdiction, and 
to eliminate unnecessary parties to such cases. This bil 
is H.R. 1372. 

Two measures of considerable significance are com- 
panion bills in House and Senate, one by Representative 
Wright Patman, Texas, and the Senate version by Senator 
Harley M. Kilgore, West Virginia. The avowed purpose 
is the establishment of an Office of Scientific and Technical 
Mobilization within the network of existing Washington 
government. 

The actual plan is to establish a government agency 
that would take over developments evolved during the 
war, through government-financed research, and make 
them available for public use; administer seized enemy 
patent holdings in the same manner, diffuse the findings 
of war research in major educational or scientific institt 
tions, where these have been aided or financed federally, 
and to set up paid and volunteer bodies to act in a 
advisory capacity on technical problems concerning the 
government; review specifications, establish standards, 
recommend simplification, etc. 


* 


Stressed Surface Increases Life 


FINISHES on aircraft engine parts have been coming " 
for considerable re-examination by designers and proces 
men, who are coming to the conclusion that the mirror™ 
ish is not always the best finish when consideration ® 
given to the improvement in fatigue life resulting from 
shotblasting or shot peening stressed surfaces. Important 
strides in this direction are being made, not only for stée 
but aluminum as well. 
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Selecting Working Stresses 
for Combined Loading 


int has 
to dis. 
vl By Joseph Marin 
repre. Pennsylvania State College 
pelled 
m the 
} safe. FFECT of a combined state of stress on the strength of materials is one of thé many factors 
to be considered in selecting the working stress value to be used in a particular design. 
y the This effect, though sometimes considered for static loads, is usually neglected for fatigue 
use of loads. Purpose of this data sheet is to summarize recent developments covering strength of ma- 
arts to terials subjected to combined stresses for both static and fatigue loads. To facilitate selection of 
equir working stress values by the designer, this information is presented in graphic form. It should 
ssified be re-emphasized that only one factor, namely the effect on design of a combined static or 
wiht fatigue state of stress, is considered. Furthermore, results apply strictly only to ductile materials. 
atents, . 
- aims 
yroper Comparison of working stress values for two-dimensional static load 
1, and 
is bil TWO-DIMENSIONAL state of stress may conven- This theory is used for ductile materials by 
iently be represented by principal stresses S, and S, many machine designers. It is the basis of the 
jo as shown below. Stress S, is assumed to be greater than A.S.M.E. Code for the design of transmission 
‘elie S,. Then if the working stress in simple tension is S,,, ac- shafting as well as more recently issued design 
cording to the usual shear theory of failure(1)* the actual codes. Working stresses by the shear theory, 
nator ; . : i 
mn working stress is the smallest value of S, in one of the fol- calculated from Equation 1, are shown by dotted 
rica lowing equations: lines on the graph at left. As an example of 
| the use of this curve let it be assumed that the 
ngton - + 1 ; S _. Si_ oa os (1) ratio of principal stresses is x= —1, that is, S, is 
S, ~1-x S, “2 Sw 
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Values of the working stress ratio S,/S,, are 
shown by solid lines on the graph. Comparison , 
of the two curves indicates the difference be- 
tween these theories. 


® References are listed on Page 153. 
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a compressive stress numerically equal to the 
tensile stress S,. The corresponding value of the 
working stress ratio is S, /S,,=.5, from the graph. 
This means that if the working stress in simple 
tension is, say, 16,000 pounds per square inch 
the allowable stress value for S, is only 8,000. 


Distortion Energy Theory 


Recent investigations(2) show that for ductile 
materials the distortion energy theory agrees 
better with test results than does the shear 
theory. According to the distortion energy 
theory the working stress is the value of S, in the 
following equation: 





S; 1 
—= nape eo EE EC Tere ere 2 
S. tsi 2) 
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OR a fatigue stress condition the A.S.M.E. code for 
transmission shafting affords an approximate means 
of considering a combined state of fatigue stress by 
assuming a fatigue stress to be equivalent to a static 
stress increased by 50 per cent. For the two-dimen- 
sional case of stress this assumption gives working 





General state of stress, shear theory, 
static load 


OR three-dimensional stresses, according to the 
usual shear theory the working stress is the smallest 
value of S, in the folowing equation: 


ae ey ee ee 
Su 1—x’ So ~x—-y Sou 1-yii 
where x=S,/S, and y=S,/S,. In Equation 4, S, is 
the greatest of the three principal stresses. Working 


stresses as given by this equation are shown plotted on 
the graph at right. 





Comparison of working stress values for two-dimensional fatigue load 


Working stress values plotted from Equation 5 are 
shown at left. 

















































stress values as shown by dotted lines on the graph at 
left. 














Using distortion energy as a criterion of failure, the Gen 
author has developed equations(5) based on test re. 
sults by Gough(4). For two-dimensional stress, jf ¢ ' 
and S,’ are the maximum stress component and S” 
and S,” are the corresponding average values, the 
working stress value for S,’ is: 

Si P 
1 sean 3°) 08) 
V1—2'+ (x')*— (1p) g-V1—2"+ (2)! 
where 
, Si gra. _S, 
Sy’ - "<, on 

S, == endurance limit for complete reversal in axial stre 
stress and S,, = yield point stress in simple tension, §,’ and 
Working stresses from Equation 8 are plotted as solid maximu 
lines for the case of complete stress reversal, the av- Then a 
erage stresses S,” and S,” being zero. Values of p (5) the 
(ratio of endurance limit for complete reversal in axial given by 


stress to yield point in simple tension) are representa- 
tive for ductile materials. 
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General state of stress, 
energy theory, 


fatigue load 


OR three-dimensional fluctuating 

stresses, S,’ and S,’’, S,’ and S,”, 
§,’ and S,” represent respectively the 
maximum and mean principal stresses. 
Then according to the energy theory 
(5) the working stress ratio S,’/S,, is 
given by the following equation: 
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Working siress ratios given by Equation 6 are 
shown on the accompanying curve sheets for two 
representative values of p (S,/S,,) and complete 
reversal of stress. 


Recommendations 


XAMINATION of the graphs indicates that 

the working stresses are in some cases con- 
siderably less than the values used in simple ten- 
sion. In other cases, apparently, working 
stesses could be greater than those in simple 
tension. However, since test results are not 
wailable for these cases of three-dimensional 
sttess, it is recommended that in no case should 
working stress selected be greater than that used 
im simple tension. 

For static stresses comparison between the 
shear and energy theories indicates that in some 
cases there is sufficient difference between the 
Values given by these theories to warrant the use 
of the energy theory. Naturally the many un- 
Certainties in design influence the importance of 
the above consideration in specific cases (6). 


omg Desicn—November, 1943 





(1—p)V1+ (x")?+ (y")?—x" —x"y"—y". i 


Stress Ratio 


2) 
® 
+ 


ela. ng 


ere) 


Stress Ratio X=— A 
S 


REFERENCES 


. Nadai, A.—‘“Theories of Strength”, Transactions, A.S.M.E., 1933; Marin, 


—“Failure Theories of Materials Subjected to Combined Stresses’, 
ransactions, A.S.C.E., Vol. 101, 1936. 


. Lessells, J. M. and MacGregor, C. W.—“Certain Phases of the Com- 


bined Stress Problem”, Proceedings of the 5th International Congress 
for Applied Mechanics, 1939. 

Marin, J. and Stanley, R. L.—‘Failure of Aluminum Subjected to Com- 
bined Stresses”, Supplement to the Journal of the American Welding 
Society, Feb., 1940. 


; Soaerbers, C. R.—Working Stresses”, Transactions, A.S.M.E., Vol. 57, 


. Gough, H. J.—“Engineering”, Vol. 3626, July 12, 1935. 


. Marin, J.—‘‘Working Stresses for 


Members Subjected to Fluctuating 
Loads”, Transactions, A.S.M.E., Vol. 59, Page 55, 1937. 


. Marin, G.—‘‘Modern Methods for Calculating Working Stresses”, Reprint 


from MACHINE DESIGN, Jan. to Dec., 1942. 


153 









Actuate Clamps for Automatic Saw 


LAMPS which hold the stock—billets or slabs 
continuously cast—as it is being cut by the 
Loma automatic saw, shown at right, are ac- 

tuated by standard Hanna hydraulic cylinders. Op- 
eration of the saw starts when the stock is advanced 
to a level where its extremity intercepts the light 
beam of a photoelectric unit located in the rectangu- 
lar box at lower left of the illustration. Clamping 
cylinders, which are visible just above and to the 
left of the saw blade, may be coupled so that stock 
is always held on the same center line or may oper- 
ate individually to accommodate stock which is not 
perfectly straight or symmetrical. 





Speeds Up Thread Gaging 


ESIGNED for gaging. threads in airplane en- 

gine castings, the machine shown above em- 
ploys a Walker-Turner flexible shaft and fittings. 
In operation, a thread gage is held in the handpiece 
of the flexible shaft and is driven clockwise into 
the threaded hole to be gaged. A light backward 
pull on the handpiece engages a reversing mechan- 
ism which causes the gage to disengage itself from 
the tapped hole. Made by winding consecutive 
layers of wire in opposite directions, one upon the 
other, the flexible shaft in this application transmits 
torque in either direction and also is used as a 
push-pull shaft to operate the clutch in the revers- 
ing mechanism. 
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ROTECTION of hydraulic operating system of Landis high Scaled % 


speed grinder for ball-bearing raceways, below, is furfire stock 
nished by compact Cuno filter s)>.u encircled. Filter handles Up to % in 
full flow (ten gallons per minute) of oil to a vane-type hydraulig 
motor which actuates the intricate cycle of grinding whee 
‘movements. Pressure drop through the filter is approximately stock 
5 pounds per square inch at an operating pressure of 15 ato 2-in, ¢ 
pounds per square inch using oil of 200 Saybolt seconds univetQver 2-in, , 
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STAINLESS. STEELS 


AISI TYPES 302, 303 and 304 


AVAILABLE IN: (302, 304) Sheet, strip, plate, bar, rod, forging billets, tube rounds, tubing, 
e welding electrodes and core wire, tacks, spikes, wire, nails, screws, 
bolts, rivets, cold-drawn shapes, structural shapes. 


(303)—Bar, rod, forging billets, screws, bolts, rivets, cold-drawn shapes. 





. Type Cc Mn ? S Si Cr Ni 
ANALYS ES: ae .08-.20 2.00 max. .04max. .04max. 1.00max. 17-19 8-10 
| Se .20 max. 2.00 max. ° ° 1.00 max. 17-19 8-10 
| .08 max. 2.00 max. .04max. .04max. 1.00max. 18-20 8-10 
3 * P or S or Se, .07 min.; Mo or Zr, .6 max. 





PHYSICAL PROPERTIES 


Data applies to all three types unless noted 
Values are typical unless noted 




















ULTIMATE TENSILE STRENGTH FATIGUE ENDURANCE LIMIT 
(psi) (pst) 
Plate, sheet and tubing 
5 lao Settee eee eee ee ees —— oo iia gD a 35,000 (804) 
, Bar stock 
limededs min ™™ <7": 778090 tan) Over Hein. dia, annealed .......... 35,000 
hightimealed .................000- 85-90,000 (304) cold-drawn .......... 
furfire stock 
ndle@ Up to % inch dia., annealed ..... 80-110,000 ELONGATION IN 2 INCHES 
aulid cold-drawn ..... 110-300,000 (302) (per cent) 
= cold-drawn ..... 110-150,000 (308) “ 
vhee cold-drawn ..... 110-250,000 (304) me 50 (302) 
Ni stock NT ol ik ia oe aes 
a. i wicca ec cbeuke eases 60 (304) 
15 h to 2-in, dia., annealed ........ 85,000 Sheet and strip 
i oem ** + 110,000 Cold-rolled, % hard, min. .......... 20 (302) 
ver 2-in. dia., annealed ....... 80,000 Annealed, — PASTRY A eee ~ a 
* ee rere rere e 
bld-drawn, rx oe vee eeceees rare ae Strip, oi cuiag pbiannin Seas 50 (304) 
u MEE sce cwreee ’ Wire stock 
Gee eee eee eee eee eee 85,000 ete Up to %-in. dia., annealed .......... 50-60 
cold-drawn .......... 10-35 
YIELD STRENGTH IN TENSION Bar stock 
-in. dia. ee 55 (308) 
7 (offset=.2%) psi al eens annealed dase Riles 58 ar 
and strip imp i cold-drawn ............ 
smerrolled, % hard, min. ....... 75,000 (802) a ..... 40 (302, 304) 
memmealed, min. ................ 80,000 (302) Over 2-in. dia., annealed ........... 55 
stock Tubing 
to %-in. dia., annealed ....... 80,000 Cold-drawn, half hard ............. 10 (304) 
per werd ‘hae oe a yet ay 6 Err p ee 
cold-drawn :...... 0-115, PE So ooo soca hes + eeu een 
cold-drawn ....... 50-225,000 (804) eee 











0 2-in. dia., annealed ........ 80,000 IZOD IMPACT 
9 ape drawn Se 60,000 (ft. Ibs.) 
ee Se. -s.+-» ean | ee as errr 100 (304) 
Bar stock 
ULTIMATE SHEARING STRENGTH Over %-in. dia., annealed .......... 70-80 (308) 
(psi) SEED ba c0dvews 110-115 (802, 804) 
stock Tubing—annealed ..........0sceeeee- 100 (804) 
% S 250,000 psi, cold-drawn.. 150,000 (804) MACHINE DesIcNn is pleased to acknowledge the collaboration of the 
Stock following -¥ ee So “4 ne Sea on _ 
; “3 i °$ t 3 U. 5. 
Wt 4in. dia., annealed .......... 75,000 (802,904) Gon; ‘Westinghouse Electric & Mfg. Co. . 
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CREEP STRENGTH (302,304) 
(for life of 10,000 hrs. with 1% elongation ) 


TEMPERATURE PSI 
I cs alia 9g) AU ong. oO § vw iene Wn we 17,000 
SRN OE Pe cree tne ore eee eee ee 12,000 
i ee OE 4,000 
I a pee ee AO mcr aes cave ee Naga Oa aa? OR ee 850 
HARDNESS 

POCKWELL 
Plate 

SB dios SL asc ed idee Se wid B80 (304) 
Sheet and strip 

Cold-rolled, % hard .............. C25 (302) 

1) en ee ee B80 (302, 304) 
Wire stock 

Up to %-in. dia., annealed ........ B70-80 

cold-drawn ........ B90-100 

Tubing 

Cold-drawn, % hard .............. C30 (304) 

Cold-drawn; full hard ...........: C35 (304) 

Bars Pec cig ibiiatcls ies wid go B80 (804) 
PRINELL (3060-kg. load, 10-mm. ball) 
Plate 

i nc eala Shas ote 4 wes auld & 150 (302, 304) 
Bar stock 

Over %-in. dia., annealed ......... 160 

cold-drawn ......... 220 

Tubing 

Cold-drawn, half hard ............ 280 (304) 

Cold-drawn, full hard ............ 825 (304) 

AS ae Rr a 150 (804) 


REDUCTION OF AREA 


(per cent) 
Plate 
OS ee Oe 73 (302) 
EE cnt ide eA Oe hae des oki 65 (804) 
Bar stock 
Over %-in. dia., annealed.............. 55 (303) 
gnmeaiod .............. 70 (302, 304) 
cold-drawn............... 50 (303) 
cold-drawn ...........:.. 60 (802, 804) 
Tubing 
ER Pee nce ee ree oe 65 (304) 
OTHER PHYSICAL PROPERTIES 
Womens tee Wed. Fo) ok oo oc Fok oe Rows heen 2550-2650 
Temp. Coef. of Resistance (ohms per ohm per 
deg. C.) 0 to 100 deg.C. ........ ee ieee 0011 
er rrr ee 79 
Weight (Ibs. per cu. in.) ........ paladin 99 
Modulus of Elasticity, annealed (psi) ............ 28,000,000 
Torsional Modulus of Elasticity 
ad a Ce Pai 6. 6 eal non dihieiis 12,500,000 
Coef. of Thermal Expansion (per deg. F.) 
Oto 200 deg. F. ........ = .0000094 
0 600 ae ee 0000095 
SIE PGS Sa rc cers Ge ks Au cg ee .0000101 
ctl ncepn che ecules paaceleipee asain 0000111 
Thermal Conductivity (g-cal/sq cm/sec/deg. C/cm) 
At212deg.F. ...... tee deren 039 
932 051 
Electrical Conductivity (%2 of copper std.)....... % 
Electrical Resistivity 
Microhms per cu. in. at 70 deg. F. . 28.4 


PHYSICAL PROPERTIES AT ELEVATED TEMPERATURES 


( short-time tests) 





Temperature (deg. F.) 





800 1000 1200 1400 1600 1800 
TENSILE STRENGTH (302,303,304) 67,500 62,000 46,000 31,500 19,000 10,000 
ELONGATION IN 2 INCHES (per cent) 
A ee oc ain sing v curs 37 34 32 34 38 46 
NESS at Ean ae 35 34 30 20 10 ro 
SL ESA Pn a 45 43 40 32 34 50 
REDUCTION OF AREA (per cent) : 
er Oa i 70 68 63 52 54 
Sa eee 52 54 54 44 42 ~ 
RCCL Ea eae cine en 68 68 62 50 43 48 





BEND RADII FOR FLATS, 
SHEETS AND STRIPS 


As a general “rule of thumb,” the corner radius to be speci- 
fied for a 90-deg. bend is equal to the thickness of the material. 
Where sharper corners are required, it is advisable to bend up 
sample pieces and determine by test the physical characteristics 
of the bend. 


APPLICATION 


AISI types 302 and 804 are extensively utilized in equip- 
ment for handling acetic, nitric and citric acid, and food and 
milk products; in valve trim, screws, bolts, aircraft wing cover- 
ing, radiator grills, bearing plates, heat exchanger tubes, 
shafting, hydraulic tubing, piston rods and plungers, etc. Hard 
drawn wire is excellent for springs operating under adverse 
conditions. 
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AISI type 303, as its properties would suggest, is used for 
working parts in valves and pumps and in other applications 
requiring a freecutting, nongalling metal having high resist- 
ance to corrosion. 


CHARACTERISTICS 


AISI types 302 and 304 are, in normal times, the most — 
used of the chromium-nickel stainless steels. These grades cann 
be hardened by heat treatment. However, tensile — 
and hardness may readily be increased by cold working: 
Combining high strength with substantial resistance to 
ordinary corrosive agents, they possess excellent tensile os 
erties at subzero temperatures and are normally pee . 

AISI type 308, with minor exceptions, is compara aa 
physical, tensile and corrosion-resisting properties to By 
302 and 304. Normally this alloy is also nonmagnetic. Z, 
addition of sulphur or selenium, freecutting properties 
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imparted to it. Where speed of machining is the most impor- 
tunt factor, the sulphur-bearing composition is used. Where 
arface finish is the criterion, the selenium-bearing type is 

erred. The nongalling, nonseizing characteristics of type 


93 also are excellent. 


SAFE INTERNAL WORKING 
PRESSURES OF TUBING 


Apply formula: : 
P=2S— 
d 
in which P=Internal working pressure (psi) 
S=Working stress (psi) 
t= Wall thickness (inches) 
d=I. D. of tube (inches). 


As the factor of safety used in determining S varies 
with types of application (for example, loading may be static 
or dynamic), no values for S are listed. Such values must 
be worked out in conjunction with “Physical Properties” data 
to fit specific applications. 


FABRICATION 


MACHINABILITY: 


Because this material is extremely tough, its machinability 
does not equal that of bessemer screw stock: High-speed tools 
should be used at slow, constant speeds. For comparison, 
the relative speeds of the principal machining operations are 
shown in relation to those employed on the standard screw 
stock. 

Approx. Speed in Per Cent 


Operation Type of Bessemer Screw Stock 
Tuming 802 & 304 60 
803 70 
803-Se 70 
Forming and 802 & 304 40 
Drilling 303 70 
803-Se 65 


STAMPING, FORMING AND DRAWING: 


Since these materials, even when dead soft annealed, are 
considerably stronger and harder than mild carbon steel, the 
press for stamping must have adequate power and be equipped 
with rugged, sharp tools made of the finest wear-resisting 
grades of tool steel. Gummy quality of the material gives 
ita tendency to gall or pick up on tools. Thus, blanking tools 
should have less clearance than for mild carbon steels since 
“break-out” property is poor. However, for deep drawing, 
the die clearance should be about twice that used for mild 
steel. Because it work-hardens nearly twice as fast as mild 
eel, it should be drawn and formed at slow press speeds 
and, if necessary, reannealed between draws. Scratching 
ind galling can be effectively avoided by use of a suitable 
hbricant or drawing compound. 


SPINNING: 


Spinning is an extremely severe cold-working operation and 

work-harden this material more quickly than will other 

methods of forming. Frequent reannealing therefore is required. 

general, roller tools are more satisfactory than the solid nose 
use they develop less friction. 


FORGING: 
Material is heated slowly to about 1500 deg. Fahr., then 
"idly to 1900-2900 deg. Fahr., which is the proper forging 
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temperature. Being harder at elevated temperatures than mild 





steels, it requires more hammer blows. Forging characteristics 
approximate those of SAE 1040 and 3130. 


WELDING: 


Although stainless can be welded by acetylene torch, elec- 
tric arc or resistance welding, metallurgical changes at high 
temperature may affect physical properties unless special 
techniques are employed. Follow steel producer’s recom- 
mendations. 


BRAZING: 


Either welding or silver soldering, depending on type of 
application, are recommended instead of brazing. However, 
if brazing is done, it must be effected carefully to prevent the 
penetration of brazing alloy into the grain boundaries. 


SOLDERING: 


Solders without difficulty using ordinary solder and suitable 
flux. Because of low thermal conductivity, a large soldering 
iron is used to heat up the metal thoroughly. Acid remaining 
after soldering is washed off with a solution of washing soda. 


RESISTANCE TO CORROSION 


Are immune to most of the organic chemicals, sterilizing 
solutions, foodstuffs, dyestuffs, and a wide variety of inorganic 
chemicals. Resists nitric acid well, halogen acids poorly, and 
the sulphur acids moderately. To insure maximum corrosion 
resistance to prolonged outdoor exposure, parts are “passiv- 
ated” or “immunized” by immersing them in a solution of 
nitric acid for 20 to 30 minutes, washing in water, and drying. 


GALVANIC CORROSION 


Aluminum, zinc, cadmium and ordinary iron or steel all tend 
to protect this material and the attack, if any, goes to the other 
metal. Nickel, lead, copper, brass, graphite and silver, how- 
ever, reverse the attack and by so doing are themselves pro- 
tected. It is understood, of course, that galvanic couple is 


established between dissimilar metals only when they are in ° 


contact in the presence of a liquid which is capable of carry- 
ing electric current. Sometimes an insulating lacquer is util- 
ized to keep dissimilar metals apart. 


ANNEALING 


Heated rapidly to 1800-2100 deg. Fahr. and quenched in 
water. Materials are austenitic and will not harden with heat 
treatment. Generally supplied in the heat-treated (annealed ) 
condition; reannealing is required only between bending or 
forming operations which work-harden the material. 


DATA ON STOCK FORMS 


( Sizes listed are those available in normal times) 


Sheet Finishes 


Hot rolled annealed and pickled 
Bright cold rolled 

Dull cold rolled 

Standard polish on one or both sides 
Standard polish and brushed 

High luster polish 

Mirror finish 


















Materials Work Sheet 


Cold-Rolled Strip Finishes 
Standard annealed and pickled 
Standard annealed, pickled and re-rolled 


Sheet Size Tolerances 


Width 
Re Oe GE Be WHR o.oo oso sore coco wo weeds ts-inch plus, no minus 
CE DIGGS GRE WIDE. 0a. 5 5 ccc ccswccccsecece ¥%-inch plus, no minus 
Length 
Up to 120 inches long........ nee era esis mee ?s-inch plus, no minus 
120 inches and longer... .........cccccccccce ¥%-inch plus, no minus 


Note: .131l-inch thick and greater, regardless of size, may have %4-inch 
plus or minus in width and length. 


Commercial Tolerances 
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--HEXAGONS AND OCTAGONS-- —ROUND CORNER SQUARES— 
Distance Across Tolerance Distance Across Tolerance 
Flats (inches) Plus Minus Flats (inches) Plus Minus 
2 a .007 .007 Up to #f....... .007 007 
Over %tol .. .010 .010 Over 3§ to 1%.. .014 014 
Over 1 to 1%.. .021 013 Over 1% to2 .. 016 016 
Over 1% to 2 .. .032 .016 Over2 to 2%.. 032 9 
Over 2 to 2%.. .040 .024 Over 2% to 8%.. 047 9 
Over 3% to 4%.. .062 0 
Over 4% to5 .. .078 0 
SQUARE EDGE FLATS 
—Thickness Tolerance, Plus or Minus— 
(inches) 
Width Width Tolerance Over Over 
of Flat (inches) Upto %to Over% Ito Over 
(inches) Plus Minus % thk. 5% thk. tol thk. 2thk, 2 thk 
ee 016 .016 .007 .010 012 es 
Overlto2 ..... 024 024 010 012 015 020 .. 
Over2to4 ..... 032 .082 .010 012 015 .020 091 
Over4to6 ..... 062 .062 .010 012 015 025 031 
Over6to8 ..... 078 .078 .012 015 .020 025 031 
Over8tol0 .... .093 .093 a --- 020 .025 031 


ROUND EDGE FLATS 


Thickness Tolerance, Plus or Minus 
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ROUNDS —SQUARES Width Width Tolerance a —_ 
Diam. or Tolerance (inches) Tolerance (inches) of Flat (inches) oe hems 4 ath 
Across Flats Out of Out of (inches) ~ — % pony ¥ 
(inches) Plus Minus Round Plus Minus Square Uptol ....... . yo ' ose , 010 - ; 
fs or under .... .005 .005 .008 005 005 .008 Over2to2 ..... . : on ois 
Over fs to Ye... 006  .006 .009 006 .006 .009 Over2to4 ..... 082.082 — a ia 
Over % to %... 007 .007 010 007 007  .010 Over 4to6 ..... 062 = .062 ' ‘ ; 
Over % to %... .008 .008 .012 .008 .008 .012 
Over % to 1... 009 .009 018 009 009 §=.018 MATERIAL DESIGNATIONS* 
Over 1 to 1%.. .010 .010 .015 .010 .010 015 
Over 1% to 1%.. .O11 011 .016 O11 011 .016 . Federal 
Army- tical e 
Over 1% to 1%.. .012 012 ~=.018 012 012 018 304) pony eeem tee rs, rods) (808) QQ-S-763-Gr 7D (bar) 
Over 1% to 1%.. .014 .014 021 014 014 021 (803) AN-OQ-S-771-FM (bars, rods) U. S. Navy 
Over 1% to2 .. .016 016 028 .016 016 028 U. S. Air Corps (302) 46818 (INT)-1D (bars, _ 
Over 2 to 2%.. .082 0 023 .032 0 023 (304) 10079B (bars, rods, forgings) (304) 46S18 (INT)-1A (bars, 
Over 2% to 3 .. .047 0 .035 .047 0 .035 Aeronautical Mat’l. Spec’s. — Ps ‘im 
Over 3 to 3%.. .047 0 035 ese 303) 5640A-Ty 1 (bars) (8 alloy 
Over 3% to 4%.. .062 0 .046 (304) Ty 2 (bars) (304) 30905 (alloy steel) 
Sree a to OG. . O78 ° an ~ ®Space does not permit listing all such designations. Those listed 
Over 5% to 6%.. .093 0 .070 are typical. 
Standard Sizes of Round Welded Stainless Steel Tubing 
Wall ; ss 
Thickness Outside Diameter—(inche 2% 2% 
(inches) % ww & & %© # % FH Ww YH 1 Ay 1% l¥ 1% lf 1% l® 1% 1% 14 1% 2 ny ey 
/ See x x x x x x x x x x x x x x x x x x x x x . ° 
Bs Kd 6ine ee x x x x x x x x x x x x x x x * x x x x x ros 
EE x x x x x x x x x x x x < = x x x x x x x oe > ’ i ae 
ee x x x x x x x z < x x x x x x x : x x x x x —— ae 
ecco x x x x x x x x x x x x x x * x x x x x x x . «i 
ORS ee x x x x x x x x x x x x x x x x x x x x x 5s . = oon 
oe Se. £8 ee. ee 2 x x x x x x x . . : . 3 ea 
ee x x x x . ~@ x x x x x x x x x x x x x x - ea 
een .: 2s = st = &€ & & x x x x x x x x x . : :s ss & 
See ee Ds a2 Se. Se .. £0 Soe Oe EOS SB 6 . s & * 
i icninsis . ££: Se eh Bes ei oH & 8. ae 
- ee x x x x x x x x x = * . : x es 
ae x x x x x x x x x x x * S, 
Poe sir | € 
In addition: Tubing 2%, 2%, 2%, 2%, and $8 inches O.D. available in wall thicknesses of .035 to .120 inclusive. P 
Tubing 8% and 8% inches O.D. available in wall thicknesses of .042 to .120 inclusive. , : JOH 
Tubing 8%, 4, 4%, and 4% inches O.D. available in wall thicknesses of .049 to .120 inclusive. pa 
MATERIAL TRADENAMES » BEA 
Type 302 Type 303 Type 304 Producers 
All Metal Al ¢-8-EZ All Metal 18-8-S Allegheny Ludlum Stl. Corp. Correction 
r. Meahony 2 etal 18-8 legheny Metal 1é -8-E ‘ on age A e Aneepeny Felling. Mill Go neue ale 
Bethadur 302 Bethalon 3038 Bethadur 304 Bethlehem Steel Co. econd page 
Carpenter No. 4 Carpenter No. 8 Carpenter 4-A Carpenter Steel Co. Materials Work Sheet 
Rezistal KA2 Rezistal FM 188 Rezistal KA2S Crucible Stl. Co. of Amer. Materials ' ; 
Stainless “‘N” Stainless “‘N” Colonial Steel Co. & Vanadium for aluminum vod 
Alloys Stl. Co. 24S-T (see Octo 
Nirosta KA2 Nirosta FC Nirosta KA2S Firth-Sterling Stl. Co. issue) should read: 
Hi-Gloss Hi-Gloss FM Hi-Gloss (No. 304) Spec. Jessop Steel Co. 
Lesco 18-8 Lesco 18-8FM Lesco 18-8S Latrobe Steel Co. Dd 
Midvaloy 18-08 Midvaloy 18-08-Se Midvaloy 18-08 Midvale Steel Co. P=sS——> 
Enduro 18-8 Enduro 18-8-FM Enduro 18-8-S Republic Steel Corp. D+é 
Rustless 18-8 Rustless 18-8-FM Rustless 18-8 Rustless Iron & Stl. Corp. 5)! 
Uniloy 18-8 Uniloy 18-8M Uniloy 18-8S Universal-Cyclops Stl. Corp. _ . 
USS 18-8 USS 18-8 FM USS 18-8S U. S. Steel Corp. 
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For your 
POSTWAR 
} Product 


STANDARD 


STOCh SIZES | 


@ Designers of products for postwar sales have - 
an excellent opportunity now to discard out- 
dated methods and materials and to make full use 
of new ideas. A step in the right direction is the 
use of standard stock sizes in place of specials. 




























Sleeve type bearings are a good example. 
Very often a slight change in dimensions... . 
perhaps 1-32 of an inch added to the length... 
will enable a manufacturer to secure his require- 
ments right off the shelf. This saves considerable 
time, eliminates the need for special patterns 
and tools, and provides easy replacement. 


















Johnson General Purpose Bronze Bearings are, 
in normal times, available in over 850 standard 
sizes. Complete stocks are carried in every 
section of the country. Delivery is simply a 
matter of hours. Cast in the alloy—S.A.E. 64— 
they deliver the utmost in performance and 
bearing life. Why not ask a Johnson Sales 
Engineer to show you how to save both time 
and money with Johnson General Purpose 
, Bronze Bearings? 


Specify cea 
JOHNSON 


GENERAL PURPOSE 
BEARINGS 


SLEEVE TYPE. 
BEARINGS | 


Cast Bronze Bearings 
Cast Bronze Graphited 
Sheet Bronze Bearings 
Sheet Bronze Graphited 
| Bronze and Babbitt Bearings | 
| Steel and Babbitt Bearings 
Steel and Bronze Beorings | 
Ledaloy! | 
Self-Lubricating Bearings | 
Electric Motor Bearings | 
Automotive Bearings 
Bronze Bars 
Bronze Castings 


JOHNSON Ge BR O NZE 


SLEEVE 


SLEEVE BEARING BEARING HEADQUARTERS 


SERVICE 


525 S. MILL STREET Wp NEW CASTLE, PA. 
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— Guatd Pewet TRANSMISSION — 





PROTECTION 


of drive and driven units, 


INSURANCE 


of full quiet power flow, depend on 


INSTALLATION 


of most efficient connection 


LA = 


Resistant to Chemicals, Heat, Oils, Gases, Etc. 


Correct misalignment, absorb vibration, take speed- 
ups without whip or shock, because of 


EXCLUSIVE 
L-R LOAD-CARRYING 
PRINCIPLE 


Free-floating cushions hung between jaws, or held 
by steel collars or bands. Cushion always in sight. 
NO LUBRICATION. Minimum servicing. 

L-R 
TYPE “H”’ 


Pat. & Pats. Pend. 
FOR HEAVY DUTY 


4.6 to 806 h.p. 
at 100 r.p.m. 





SEND FOR COMPLETE 
L-R Catalog 
Quick-finding 
Selector Charts, FREE 


Couplings for every duty 
1/6 to 2500 h.p. 


Write 
wer 















5018 WEST LAKE STREET 
CHICAGO 44, ILL. 


Lovejoy Flexible Coupling Co. 





y, 
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PROFESSIONAL 
VIEWPOINTS 


‘*. . . originated in U. S.”’ 


To the Editor: 
We were glad to see Dr. Wahl’s article “Designing Ring 
Springs” in your August issue. With respect to the usefi) 


ness of a spring of this type, it may be of interest to noel 


that even before the present war the Germans had mak 
up at least 40 different designs of ring springs for airplay 
landing gears. 

The use of the ring spring in airplane landing ge 
originated in the United States, where the first patent m 
this application was issued. ‘The Germans were, hoy. 


ever, the first to test ring-spring landing gears in actulfl 


combat (presumably during the Spanish civil war), aul 
the result was so gratifying that it was adopted by tk 
German army and navy as standard equipment. In tk 
United States the ring-spring landing gear has, howeve, 
not as yet replaced the older types to any extent. 

An important use of the ring spring is in railway dni 
gears, and official tests by the American Association d 
Railroads illustrate their superior performance in this a 
plication. Their actual service record is equally outstant 
ing. Ring-spring-equipped couplers for electric railway, 


as well as for military trucks, are used to a steadily nf} 


creasing extent. 

An important and widening field of ring-spring applic 
tion is in adapters for various types of guns—particulaty 
guns for use in airplanes. Vibration isolation is anothe 
growing field, where the ring spring is used to supplas 
or assist rubber pads and coil springs. 

The number of ring-spring applications is steadily it 
creasing, as engineers become more familiar with thei 
character and realize that this new machine element ofes 
a practical solution to many baffling problems. 

—O. R. WIKANDER 
Edgewater Steel Co 


«|. simplifies chart reading” 


To the Editor: 

To simplify and speed calculations with nomograms, 
alignment charts, a nomogram reader as shown in the a 
companying illustration is particularly helpful. The reade 
may be produced inexpensively by using 3/32-inch Plet 
glas and, in its simplest form, has a single transparel 
pivot with cross hairs as shown. It may also have 4 
ing pivot if needed. 

The usual method of reading such a nomogral 
place a ruler against the known value of the first v 
rotate it until it crosses the known value of the 
variable, and read the desired answer where te 
crosses the third scale. However, in lining uP the 
with the second scale setting, it generally becomes 
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The Bomb Hoist was SZruck” 




























































=| by Something in the Milling Machine 








nother pod BE NEWS to some that a part so 
long at home in milling machines 
proved equally effective in bomb am- 
,_,, piutition hoists. For the milling machine 
ily it fis a precision tool in which ease and 
. thei fed of operation are vital. Noted for its 
fe anti-friction operation, the Torrington 
Needle Bearing is used in some of the 
nost famous of these tools to meet just 
DER ch milling machine ‘‘musts” on vari- 
el Co. f™Shand and power-operated trip levers. 
With the bomb ammunition hoist 
‘ase of operation is, of course, impor- 
unt, too. But of even greater concern 
nthese days of mightier and mightier 
blockbusters” is the danger of over- 
vading. Where bomb hoists do their 
Work, “spares” and often adequate re- 
har facilities may be painfully con- 
— by their absence. That’s why 
ram Bearing scored a “direct hit” 
hk ? designers of bomb hoists— 
a "a unit capacity helps prevent 
‘loading or breakdowns, and low 
Cent gives it a ‘“tmade-to-order” 
perating ease. 
. © pay-off, however, is that this 
Muique anti-friction bearing had several 
features which helped build a 
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better bomb hoist—its compact size 
saves weight, increasing maneuver- 
ability ...its effective system of lubri- 
cation means less servicing attention 
required ...its long service life speaks 





NEEDLE BEARINGS— 
ALL TYPES—ALL SIZES 


NEEDLE BEARINGS TYPE DC 
are complete, self-con- 
tained units consisting of 
a full complement of roll- 
ers and a drawn, hardened 
outer race. They offer the 
advantages of small size, 
low cost, high capacity— 
and easy installation. 


NEEDLE BEARINGS TYPE NCS con- 
sist of a full complement of rollers 
and a relatively heavy hardened 
outer race. They are furnished 
with or without inner races. Needle 
Bearings Type NCS are adaptable 
to heavier loads than Needle Bear- 
ings Type DC. 


NEEDLE ROLLERS TYPE LN 
are produced in a range - 
of types and sizes for 
assembly on the job into 
low-cost, high-capacity, 
anti-friction bearing units. 

Our engineering depart- 


ment will be glad to advise on the correct 
size and type for any application. 

















TORRINGTON NEEDLE 


for itself...while the ready availability 
of the Needle Bearing eliminated one 
of the most frequent obstacles in war 
production—delay in delivery. 


ISN'T THIS SOMETHING TO THINK ABOUT 
in planning your postwar designs? Not 
alone because of the Needle Bearing’s 
adaptability to a wide variety of prod- 
ucts for entircly different reasons, but 
also because its unique combination ot 
advantages represent the very features 
customers will be looking for Tomorrow 
in the things for peacetime living —light 
weight, compactness, ease of opcration, 
freedom from maintenance and long 
life. Torrington engineers are ready to 
point out how you can give your prod- 
uct these same advantages with the 
Needle Bearing. For preliminary infor- 
mation on sizes, types and ratings, to- 
gether with a list of typical applications, 
send today for Catalog No. 109. 

THE TORRINGTON COMPANY 


Established 1866 © Torrington, Conn. * South Bend 21, Ind. 
Makers of Needle Bearings and Needle Bearing Rollers 


New York 


Boston Philadelphia $ 
Detroit Cleveland Seattle : A 
San Francisco Chicago Los Angeles a 
London, England 


Toronto 7" 


BEARINGS 





















The Book That 
“Had” to be Written 
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ELEMENTS. 


MECHANICA 






of 
MECHANICAL 
VIBRATION 


‘ELEMENTS 





by C. R. Freberg 
and E. N. Kemler 


@ This book answers the need for a simple 
presentation of the elementary fundamental 
theory of mechanical vibration, with definite 
application to practical daily problems. 


Starting with general definitions, the authors 
present a detailed study of systems with one 
degree of freedom, with methods of reducing 
complicated systems to an equivalent single 
disk and shaft system. Finally the authors 
introduce an electrical model of a mechanical 
vibrating system from which critical speeds 
and amplitudes can be obtained and _ in- 
terpreted in terms of mechanical quantity. 


The book includes a wide range of problems, 
extending from those involving direct sub- 
stitution to those requiring difficult deriva- 
tions. If you have found a need for. a simple 
practical book that discusses vibration prob- 
lems which may be solved without advanced 
mathematics, order your copy of ELEMENTS 
OF MECHANICAL VIBRATION today! 


193 Pages $3.00 


fFeesee ON APPROVAL COUPON a.u uae 


JOHN WILEY & SONS, Inc. 

440 Fourth Avenue, New York 16, N. Y. 

Please send me a copy of Freberg-Kemler’s ELEMENTS OF MECHANICAL 
VIBRATION on ten days’ approval. At the end of that time, if | 
decide to keep the book, | will remit $3.00 plus postage; otherwise 
1 will return the book postpaid. 
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placed from the first one, so that several adjustments _ 
required before an accurate reading can be taken, 
For use with this type of nomogram, the reader has 
only one pivot. The cross hairs of the pivot are Set on the 
known value of the first variable and a finger placed firmly 
on the pivot. The rule may then be rotated freely unt! 
its index line lies on the known value of the second Vari 
able without any chance of the rule’s becoming displaces 
from its first setting. The answer is read where the inder 
line crosses the third scale. 
The transparent pivot makes it possible to locate x. 
curately the first setting and maintain it while making the 





second. The index line permits more accurate reading 
and interpolation than does a ruler, because there is 
obstacle to vision. Parallax is eliminated by having th 
index line etched on the lower surface of the Plexiglas. 
Use of Plastacele for nomograms instead of graph pape 
may be of interest to designers and users of nomograms. 
It is undistorted by humidity, withstands hard usage, and 
does not mark or soil easily. If soiled, it can be cleaned 
with a moist cloth. To prevent abrasion of the scales they 
are inked on the reverse side. To facilitate laying the 
scales out in pencil and inking them, sheets with one 
frosted side are used. Equations with more than tw 
known variables require for their solutions the use d 
“multiple” nomograms, necessitating several settings of 
the rule and often the marking of a point on a blank scale 
For such cases, a reader with a second pivot which slides 
in a slot is particularly helpful for holding a point o the 
“turning scale”. 
It has been found through actual use for thousands 0 
calculations in our mathematics department that a rea 
aids materially in obtaining speed and accuracy 2 


culation. 
—Cu1rrorp M. Mast 


The Jam Handy Organization 
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SHIPPING AND STORING fuel all over the 9 
without its quickly forming gum which vou 
motors and fuel lines of planes, tanks and trucks : 3 
complished by adding less than one-half — a 
chemical gum inhibitor per hundred gallons 0 ve 
line. Addition of a fraction of a per cent of a 
lead to refined gasoline raises its rating to that 0 
octane fuel. 
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‘let’s see... 
how do these 
metals compare ?” 


Selecting the metal with the right 
combination of properties for a particular 
jb is easier with the new Inco Bulletin 
Properties of Some Metals and Alloys” 


No. This booklet won’t solve any complex technical 
problems. It isn’t intended for that. 

But it does provide a handy, quick comparison of 
108 metals and alloys, compiled in easy-to-read chart 
fom from recent information supplied by the metal 
producers, 

Approximate composition, tensile strength, yield 
stength, elongation, Brinell hardness, density, specific 
gavity, melting point, specific heat, thermal expansion 
coefficient, thermal conductivity, electrical resistivity, 
% ‘Sa and torsional moduli of elasticity are all 
i 

You'll find it a convenience and a time-saver. Use 


the coupon below, or a postcard, for a complimentary 
“py or copies, 
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‘+ INCO NICKEL ALLOYS ~< - 


MME “T°MONEL« “$” MONEL.- “R” MONEL - “KR” MONEL - INCONEL - “Z" NICKEL + NICKEL 


Sheet...Strip...Rod...Tubing...Wire... Castings 
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Data on 


Monel (wrought and cast) 
“R” Monel, “K” Monel 
“H” Monel, “S” Monel 


“D” Nickel, “Z” Nickel 
Inconel (wrought and cast) 
Hastelloy A, B, C, D 

Illium G,R 

Alcoa 2S, 3S, 17S, 52S, 53S 
Alclad 24S 

Alcoa 13, 43, 195, 214, 220 
Copper 


Red Brass 
(wrought and cast) 


Yellow Brass (high brass) 
Naval Brass (Tobin bronze) 
Admiralty Brass 

Muntz Metal 

Manganese Bronze 
Silicon Bronze 

Phosphor Bronze 5% 
Aluminum Bronze 
Beryllium Copper 

Nickel Bronze (cast) 
Nickel Silver 20% (cast) 


13% (cast), 10% (wrought 
Ambrac 20% 
Cupro-Nickel 70-30, 55-45 
Tin 
Chemical Lead 
Antimonial Lead 
Tellurium Lead 
Soft Solder 50-50, 60-40 
Zinc 
Zilloy 15, 40 
Dow Metal E, H, R, X 





Nickel (pure, wrought and cast) 


Nickel Silver 18% (wrought), 


) 


108 Metals and Alloys 


Silver (pure) 

R-T Silver Brazing Alloy 
Easy-Flo Silver Brazing Alloy 
Gold (pure) 

Platinum (pure and commercial) 
Iridium-Platinum 10% 
Rhodium-Platinum 10% 


Palladium 
(commercial and hard) 


Tantalum 
Iron (wrought, ingot and cast) 
Ni-Tensyliron 


Ni-Resist 
(standard and copper-free) 


Ni-Hard, 
low carbon, high carbon 


Carbon Steel (SAE 1020) 
Cast Carbon Steel 
Cast Alloy Steel 


Stainless Steel 304, 309, 310, 
316, 321, 347, 325, 410, 420, 
430, 446, 312, 330 


Cast 18 Cr 8 Ni Steel 
Cast 18 Cr 8 Ni 3 Mo. Steel 
Invar 

Cast 28 Cr 10 Ni Alloy 
Cast 35 Ni 15 Cr Alloy 


60 Ni 15 Cr Alloy 
(wrought and cast) 


80 Ni 20 Cr Alloy 
Iron Silicon Alloy 
Durichlor 


Durimet 






PROPERT Es «, 








67 Wall Street, New York 5, N. Y. 


Please send me 


i ace alee 


ps a 


City. 





peeeenneseesereeceaeceseen 


MAIL THIS COUPON TODAY 


THE INTERNATIONAL NICKEL COMPANY, INC. 


= copies of 


“Properties of Some Metels and Alloys.” 
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Flat-Top Chain Belt Improved 


ESIGNATED as REX S-815, an improved flat-top 
chain belt for conveyor service in the food packing 

and bottling industries, offered by Chain Belt Co., 1604 
West Bruce street, Milwaukee, embodies unique features 
in construction. A more accurate pitch, smoother opera- 
tion, higher resistance to corrosion, and better appear- 
ance are some of the features. The links of the new 
belt are blanked and formed from finished strip steel and 
assembled with pins which are upset at each end. The 
one-piece link and pin are the only parts; the flight is 
integral with the link and there are no attachment rivets 


to work loose. Top edges of the links are beveled to 
allow transfer of containers from one link to another with- 
out tipping. Links may be removed by driving out pin. 
No special coupler links are necessary since all links are 
identical, and the chain strand can be altered by only 
one pitch length. Gap between links, when flexing over 
the sprocket, is small due to the short distance from chain 
top to center of pin. As standard, the chain is made of 
both plain steel and stainless steel, and on special orders 
can be blanked from other suitable sheet metals. It fits 
the same tracks as conventional Hat-top types. 


Motor Features “Floating Drive” 


N ANSWER to 
shock-load 
problems, _ stepless 
speed variation 
needs and other ro- 
tary power require- 
ments is the new 
HydrOILic fluid 
motor announced by 
Denison Engineer- 
ing Co., Columbus, 


O. It features a “floating drive” which eliminates me- 


chanically linked or universal type drive rods, ending dis- 
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tortion or breakage from sudden starts, stops or reversah fl! 


At the same time a displacement motor, it delivers rotat 
power in either direction at any speed. Direct pre 


and constant contact between driving and driven elem ub 
Horsepower ou: 


put of the motor is proportional to its revolutions pers - 


fe 


ute with a given operating pressure of the fluid. Actul 


prevents backlash or take-up motion. 


¢ 


running torque is estimated at 95 per cent of theoretialll 


torque, and stalled torque is 85 per cent of running tom 
The motor can be adapted to horizontal, vertical or ag 
lar mounting. Faceplate, footplate or flange type moti 
ing plates are available and the mounting position of 
motor has no effect on its operation. Because of the 


= 
3 


piston design, the motor has no set center position fromm 


“al 


which manual help is required in starting it. a 
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25-Ampere Aircraft Contactor 


HROUGH its In- 
dustrial Controller 
division, The Square 
D Co., 4041 North 
Richards street, Mil- 
waukee 12, has an- 
nounced a 25-ampere, 
Type B2A aircraft con- 
tactor manufactured to 
meet Army Air Forces 
specification No. 94- 
32185D. The new con- 
tactor is now available 
in the Class 9350 air- 
craft contactor line 
which previously included 50, 100 and 200 ampere siz 
B2A contactors may be used for remote control, state 
and stopping of direct-current motors, or as relays in §# 
fire, lighting, or communication circuits. Performan: 
under severe flight conditions is assured by the simple 
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Will seal a 
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design and heavy-duty contact capacity. The contactor 
weigh 7 ounces and are rated 25 amperes continu 
duty for potentials up to 29 volts direct current. Th 
will operate under acceleration forces up to 10g or vibr 
tion conditions as severe as 55 cycles per second at ly $ 
inch excursion and are suitable for a temperature rang?” 


—65 to 160 degrees Fahr. 


Tin-Base Babbitt Substitute 


N ADDITION to its present line, National 
Metals Corp., St. Louis, is offering a silver ba 
outgrowth of the shortage of tin. As a result of 


the Arm 
ter failus 
Packings 
Planes and 
The rest : 


V Packing: 


MACHINE Desicn—Novembet, Pica: Dr 

















‘We must have a packing that 
e si Hvill seal aircraft hydraulic shock 
start H truts down to 65 degrees below 
*to—and at all other operating 
tmperatures and pressures.” 

That, in effect, was the command 
the Army Air Corps last winter, 
iter failure of former shock strut 
Pckings had endangered both 
planes and pilots. 

The rest is history—VIM Leather 
V Packings were installed, tested 
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KEEPING THE 


"B's " 


VIM-Packed struts safeguard landings 


of huge planes in sub-zero weather 


in the Arctic, and held the pres- 
sure without loss of oil. The vol- 
ume of orders which followed 
taxed our production facilities. 
Now planes land safely, because 
the struts are functioning effi- 
ciently in all climes. Thus VIM 
Leather Packings aid in effective 
operation of many types of fight- 
ing craft, including the famous 
Flying Fort pictured above. 
Which is but another example 


KNEES LIMBER 


Boeing B-17 ““Flying Fortress’ 





VIM Leather “'V" Packing cut in half to show 
construction. Other styles include ““U"’, Cup, 
Flangeandspecial shaped gasketsand washers. 


& 

of successful engineering design 
that has brought satisfaction to 
packing users. If you have a de- 
sign problem involving packings 
for hydraulic or pneumatic use, 
now or for post-war, we would like 
to be called in. E. F. HOUGHTON 
& CO., Philadelphia, Penna. 


noucHToN's iginecred WE M Lother Prchings 
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A portable com- 
bination pump 
unit, consisting 
of a fuel pump 
and bilge pump. 
Pumps fuel into 
aircraft tank and 
removes bilge wa- i 
ter from seaplane 
body. Bilge pump 
in foreground 


Bilge-pump bodies of 
AMPCO METAL 


resist salt water—have longer life 


The corrosive action of salt-laden bilge water 
calls for the use of a corrosion-resistant metal 
in bilge pumps used by many U. S. Navy 
seaplanes. Longer life and maximum service 
are assured through the use of Ampco Metal, 
as this alloy of the aluminum bronze class has 
splendid corrosion-resistant properties. 


You may need an acid-—and corrosion - - 


resistant material which has—coupled with 
these properties—high tensile strength and 
excellent wear-resistance. The remarkable 
physical properties of “‘Ampco” bronzes lend 
themselves to many applications where unusual 
service is required which will affect length of 
life, economy, and, in many cases, operating 


safety. 


When you need bronze parts to stand up 
against corrosion, wear, or metal fatigue, 
investigate Ampco Metal. Send for 
free booklet, “File 41—Engineering 
Data Sheets.” 


AMPCO METAL, INC. 


Dept. MD-11 Milwaukee 4, Wisc. 





THE METAL WITHOUT 


AN EQUAL 
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by Battelle Memorial institute to find a babbitt metal cop. 
parable to the tin-base babbitts, silver alloyed with , 
properly balanced lead-base babbitt was found to ma 
the same bondability and corrosion resistance as that , 
tin-base babbitts. The new material will retain its hart. 
ness at operating temperatures without squeezing out, 


All-Purpose Induction Motor 


oa many special features, a new type, all 
purpose, continuous-duty, polyphase Squirrel-cage ip. 
duction motor has been made available by Fairbank 
Morse & Go., 600 South Michigan avenue, Chicago, for 
use in all kinds of industries. Constructed with a ce. 
trifugally cast, copper-spun rotor, the new motor is fully 
protected against flying chips, falling particles, dripping 
liquids and other industrial motor hazards. Ball bey. 
ings are sealed in cartridge-type housings. Cross-foy 
ventilation, a feature in frames 224 to 365 inclusive, 





obtained through protected inlets and exhausts at ead) 
end of the motor, resulting in uniform cooling and elimi 
nation of hot spots. Frame is cast with rib sections fo 
strength without increased weight. Where space is im- 
ited, conduit can be brought up between the motor fee! 
to the tapped hole in the motor frame and conduit bor 
cover assembled flush with the frame. External box 5 
then discarded. When the conventional conduit bor s 
used the motor can be mounted in any of four positions 
It is rated 40 degrees Cent. and is designed to camy U5 
per cent load continuously without injurious heating (115 
per cent service factor). 


New Synthetic Plastics 


O THE synthetic plastics a new group of coal ine 
Bipinde derivatives have been added yee 
cording to Resistoflex Corp., Belleville, N. J., ve a 
termed the missing link between plastics and synthe 
rubber. Known as “Compars”, derived from the wo” 
“compounded polyvinyl alcohol resins,” numerous = 
tions have been developed out of the demand by a 
plane designers for a flexible material to handle ps 
xylol and benzol. The compars are described ' wd 
parent, flexible, rubber-like plastic materials, five ne cf 
ty times more wear resistant than natural rubber, 
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MARKING ROUND OR FUAT SURFACES, precision 
graduating and serial numbering are the ac- 
complishments of this versatile Pneumatic 
General Purpose Marking Machine built by 
the Noble and Westbrook Manufacturing 
Company. The worker shown here is marking 
part numbers on finished aircraft engine cyl- 
inder barrels, while the cross-section shows 
the mandrel support which holds the work. 
A compact, high capacity Type NCS Needle 
Bearing carries the mandrel to provide ease 
of rotation. 


38-flow 


ive, is 


MACHINING GIANT CASTINGS to precision limits is simpli- 
fied by this 6-inch spindle, floor-type horizontal boring, 
drilling and milling machine manufactured by The Ohio 
Machine Tool Company. 44 Type LN Needle Rollers, 
which are used as the pilot bearing of the transmission, 
as shown in the accompanying cross-section, contribute 

le and precise performance 





materially to the smooth, stab 
of these finely engineered milling machines. Need!e Bear- 
ings in all types and sizes from one-quarter inch to over 
seven inches in diameter for virtually all needs are avail- 
able from Torrington. Our engineers will be glad to help 
in the selection of the type to meet your requirements. 











- each 

elimi- 

ns f MATERIALS HANDLING with manual equipment 

s lim- is aided by such modern items as this liftruck 

r feet manufactured by the Revolvator Company. 

+ bor Unusual maneuverability is made possible by 

“ee the free 360° swing of pump and pulling 

0x handle, which is designed for anti-friction 

nox is operation through use of a Torrington Ball 

é Thrust Bearing in combination with a Type 

tions: DC Needle Bearing. 

y Il 

(115 1F YOUR NEED IS FOR LAPGE BEARINGS, 
Torrington-Bantam’s experience in the de- 
sign, application and manufacture of outsize 
bearings is of special value. Or if you have a 
bearing problem which appears to call for 
special treatment, the experience of Torrington 
engineers in the design and application of 
every major type of anti-friction bearing sug- 
gests that you can profitably TU TO 

Jime- TORRINGTON for expert counsel. 

h, ac 

it be = FLOWING AT HALF-TON PRESSURES 

thetic § ugh an 8-inch pipe is controlled by this 


ement feed water control valve made 
pars bythe Bailey Meter Company. The valve is 


yar: § *t of the control system of a modern high 


war: eo — serves a ip kwh 
heen ¢ electric generating plant. As GS 
oluol, os accompanying cross-section, ORRI N GTO EA Ri IN 
trans ahiity 4 Needle Bearings assure depend- 
well waheisn ease of operation for which this STRAIGHT ROLLER - TAPERED ROLLER - NEEDLE + BALL 
4 I Beings is ey cieyte<t information on Needle THE TORRINGTON COMPANY + BANTAM BEARINGS DIVISION 
oo 1s available on request. 


SOUTH BEND 21, INDIANA 
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already are in use in warplane fuel and hydraulic hose 
naval diesel engines, chemical warfare equipment, ete. 
while other war uses are said to be in the development 

stage and postwar uses are expected. Some characteristigs and 
of this group are: Flexibility; toughness; abrasion resig. 

ance; chemically unaffected by organic solvents such as 
aliphatic and aromatic hydrocarbons, chlorinated hydro. 
carbons, ketones, etc.; low permeability to industrial, re. 


the most solventproof rubber-substitute developed. Som (R i 
(CA 


frigerant and military gases; high tensile strength; an ey 

freedom from aging or oxidation. Some varieties of thes iy, 

materials will remain flexible at temperatures as low x other 

—70 degrees Fahr. or as high as 300, and some are insoly. sentic 
ble in water at all temperatures with swelling limited to 1) 

per cent and the water absorption to about 15 per cent, _ 

no oi 

shoul 

Two and Three-Phase Transformers a 

this a 


OR use with aircraft gyro instruments General Elec. 
tric Co.,. Schenectady, N. Y., is offering its two-phase grapl 
transformer. This provides correct power supply for the seal ¢ 
operation of the company’s Types KB-1 (gyro-horizon ly tak 
a and KC-1 (directional gyro), three-phase instrument ; 
iTS SUBSTANTI AL equipped with a 750 volt-ampere inverter. A 115-volt that i 
7 three-phase, 400-cycle output is supplied from the dual effect 

26-volt and 115-volt output provided by the inverter. 
Measuring approximately 2% x 2% x 2% inches and weigh- 








A Rheostat is a piece of equipment where sub- 
stance and quality spell real economy. A good 
Rheostat properly installed and used will outlast 
the machine it controls. It is wise therefore to 
use the best Rheostat obtainable. 


Ward Leonard Pressed Steel Rheostats are built on 
that premise. They are absolutely smooth in 
operation due to proper design and fine machin- 
ing. They dissipate heat from both sides keeping 
temperatures low. Contacts are round or rec- 
tangular solid metal ground for perfect fit. These 
are but a few of their many advantages. 


Bulletin 60 gives full particulars. Send for a copy. 








ing 13.6 ounces, the transformer will operate one « vad Gra 
combination of two of the above instruments, brings 
them up to full speed in about 1% minutes at norma not ¢ 
2 ~a temperature (25 degrees Cent.). It will operate a appl 
RHEOSTAT S at any altitude when suitable ventilation is provided, — 

meets the United States Army Air forces requirements. cal 

Pressed Steel Rheostats are 
: made in 4" to 18", Ring types Clute 
from 1'f'" to 4”, incl. Decals for Crinkle Finishes glass 
: liner 
WO new marproof and wear-resistant penne 

nameplates have been designed by The Meyeres Gray 





Co., 5323 West Lake street, Chicago 44, for speedy, P® acid: 


RELAYS » RESISTORS © RHEOSTATS | | 22 apetition on sa, pine or cites |, 


metal. Known as Type C and Type G, rer" 


Electric control (WL) devices since 1892. able for war uses, the new transfers resul pen 
time, money, weight and critical nameplate 


ri Gee : The deca 
WARD LEONARD ELECTRIC COMPANY well as eliminating rivets, bolts and screws. a bar THE UN 


58 South Street Mount Vernon, N. Y. are usable on flat, convex or concave surfaces 
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-GRAPHITE) 


















In the paper industry, textile indus- 
try, rubber industry and scores of 
others, rotary pressure joints are es- 
sential. For efficient operation a 
rotary pressure joint should require 
no oil lubrication or adjustment. It 
should require no packing, have no 
metal-to-metal rubbing surfaces. In 
this application, Graphitar (carbon- 
graphite) has proven to be the ideal 
seal and bearing material. It quick- 
ly takes on a highly polished surface 
that insures a minimum of wear and 


effects a complete seal. 


Graphitar has proven to be an invaluable material 
not only in rotary pressure joints, but in scores of other 
applications. (A few of these include turbine rings 
* rotary pump blades, bearings and seals e@ verti- 
cal pump shaft bearings e liquid pump seals 
clutch throw out bearings e water meter disks e 
glass diabolos e gas compressor piston rings and 


liners etc., etc.). 


Graphitar is chemically inert. It is not affected by 
acids, gasoline, or fluids of any kind and it will oper- 


ate through a wide range of temperatures. 


of \ 
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ad Seals in Rotary Pressure Joints 


Because Graphitar requires no lubrication Graphitar 
parts will not score or seize. It forms a friction-free 
surface. It possesses a high compressive strength, 


wears almost indefinitely. 


If you can use a material possessing all these charac- 
teristics, drop a line to our engineers here in Saginaw 


explaining your problem. 


GRAPHITAR 


(CARBON-GRAPHITE ) 


=/QRAPHITAR rings form perfect Bearings 





THE UNITED STATES GRAPHITE COMPANY - SAGINAW, MICHIGAN, U.S.A. 
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They Make It Easy to Build 
Electric Heat into Your Machine 


SO —SS =z 


A cartridge heater to supply a spot of heat right where 
you need it; installed simply by drilling a hole and insert- 
ing the heater; temperatures up to 1200 F. 


STRIP 


For air heating or clamp-on contact heating; provides 
uniform heat and withstands vibration; several terminal 
arrangements make installation easy; temperatures up to 
1200 F. 


DIP 


An immersion heater, of sturdy G.E. Calrod construction, 
for heating water, oil, mild chemical solutions; can be 
screwed into the tank or hung over the side; is protectively 
sealed from moisture. 


FIN 


A heater for warm-air-flow applications; of G.E. Calrod 
construction, having a fin of four turns per inch to increase 
the radiating surface; provides large heat capacity at low 
heat density. 


WELL SUITED TO MACHINE APPLICATIONS, G.E. Midget 
heaters provide a clean, convenient source of heat, are 
economical in operation, and can be accurately controlled. 
The versatility of these small heaters make them appli- 
cable to almost any conceivable low-temperature heating 
requirement. 


EASY TO INSTALL, the wide variety of sizes and shapes 
available makes it possible to fit the Midgets into your 
machines right where you need heat. All are sturdy, com- 
pact heaters, and each is suited to a particular type of job. 























FOR COMPLETE INFORMATION, 
including prices and application data, 
on all the G-E midget heaters write for 
catalog GED-650B. General 
Schonectady, N. Y. 


Electric, 





GENERAL (% ELECTRIC 














been subjected to rigid tests for abrasion, extremes of heat 
and cold, immersion, salt spray and humidity. They are 
available in a wide range of colors in either the Type C 
open-letter design or the Type G background transfer de. 


sign. 


Motor-Driven Gusher Pump 


ECENTLY developed 

by The Ruthman 
Machinery Co., Cincin- 
nati, the new immersed 
type motor-driven gusher 
pump is equipped with 
integral flange bracket 
for reservoir cover or 
bedplate mounting. 
Known as Model No. 


























9040, it is designed for 
interchangeable _installa- 
tion with gusher model 
1-P3 pump, and is avail- 
able in any current char- 
acteristics including 25 
cycle; one, two or three- 
phase. The %-horse- 
power operating motor is 
ball bearing equipped, to- 
tally enclosed, with one- 
piece rigid shaft which 
extends to the pump im- 
peller. Made in two lengths, dimensions from the me 
ing flange to the bottom of the pump are 67/16 am 
87/16 inches respectively. It can be had with either 
% or %-inch pipe size discharge. 


Open-Blade Snap-Action Switch 


OR a variety of applications including machine tod 
control devices, aircraft landing gear controls, and for 
construction of various relays and contactors, a small opet- 
blade snap-action switch has been developed by Acro 
Electric Co., 1311 Superior avenue, Cleveland. A unique 
rolling spring produces a positive snap action with less 





than 6 ounces operating pressure. As a result small 
coils may be used in relays incorporating this s¥ 
Design and operation of the spring switch minimize 
tact burning because of its fast action. The switch 
permits both pretravel and overtravel. Rating § ed 
peres on 125 volts alternating current. Overall = 

8 8/16 x 11/16 x 1/2 inches. Made in single-polé, ™ 
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> tool The production of Dowmetal Magnesium 
1d for Alloy press forgings is included in Dow's 
open - over-all magnesium service. Full coopera- 


Acro ton, backed by complete facilities and intimate 
nique imowledge, is available to manufacturers engaged 
Jess 9 War work or who are contemplating peacetime 
Projects. 

Hognesium forgings possess a desirable combination 
“ sttength, light weight and pressure tightness. A 
complete line of both mechanical and hydraulic 
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GNESIUM SERVICE —FORGINGS 


FACILITIES—KNOWLEDGE— EXPERIENCE 


MAGNESIUM [imme 


SHEET ° 






presses makes available magnesium forgings in a 
wide range of sizes. 


Because of long experience in the production of 
magnesium and its fabrication in all forms, Dow is 
the recognized source of information on this weight- 
saving metal. If you are dealing with magnesium, 
consult Dow. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


New York + Cleveland + Chicago «+ St. Llovis + Houston + San Francisco 
Los Angeles + Seattle 


FROM INGOTS TO FINISHED PRODUCTS 





EXTRUSIONS 


STRIP ° PLATE ° 
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There is more to efficient brush 
operation than the mere collecting 
of current. The grade chosen must 
have the lowest contact drop, fric- 
tional loss and resistance consistent 
with good commutation. 


Selection from the all-inclusive 
Morganite line of electro-graphitic, 
graphite, carbon and metal-graph- 
ite brushes, plus grades especially 
developed for difficult machines, is 
your assurance of maximum effi- 
ciency. 


MORGANITE engineers are avail- 
able for collaboration. Literature, 
pertaining to MORGANITE Brushes 
or Carbon Specialty facilities, will 
be sent promptly on request. Write 
to Morganite Brush Company, Inc., 
Long Island City, New York. 


TRADE y D MARK 
ae 


MORGANITE 


BRUSHES 








or double-throw, set and return types, it also jg aSsep, 
bled to meet the needs of relay builders. 


Mercury Plunger Relay 


ORMALLY closed, 
mercury-plunger relay 
is being furnished by H-B 
Electric Co., 6111 North 
Twenty-first street, Philadel- 
phia, for emergency lighting 
or any application where a 
normally closed relay is re- 
quired. Having one moving 
part, high-speed silent op- 
eration, and no exposed arc 
makes the relay acceptable 
for isolated locations. It is 
gravity-operated and elimi- 
nates use of springs as an 
actuating medium. Plunger 
is designed to displace sut- 
ficient mercury to flood con- 
tacts which consist of two pools of mercury. Wheng 
is energized the plunger is lifted and the mercury recede, 
permitting the flooded pools of mercury to separate int 
two pools of mercury and thus opening the circuit. Tk 


mercury-to-mercury make and break is ideally suited ff 


Morse Indexi 


high inrush and inductive circuits. Relays can be fia 


nished with coils for any operating voltage and loadn 
ings up to 4.5 KVA. A variety of housings and mot 
ings is available for individual requirements. 


Extractor Post Terminal Welded 


a post for 8 AG (1% x ¥%-inch dia.) fuss 
announced by Littlefuse Inc., 4747 Ravenswood 
enue, Chicago 40, has terminals connected by welding 
thus making the unit vibrationproof. Side terminals # 


hs | 
Morse Free-W 
driven, 


welded to the metal shell inside the bakelite body and afi 


backed up by soft solder. It is claimed by the compat) 
that in actual service as well as in laboratory tests, no emé 


gency has been found that can loosen the welded - 
als. Extractor post No. 1075 for fuses to 15 am 
used for radios, auto-radios, amplifiers, fractional-bo 
power motors, magnets, control circuits, relays, a 
plate circuits, etc. Overall length is 2% inches; # 
from front to panel, 2% inches; mounting hole, 
Maximum current is 15 amperes. Knob an 
molded black bakelite, impervious to temperature” ie 
and corrosion, and thoroughly insulated. .) 
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Two Indexing 
vey ON 


Yom I 


‘MORSE CLUTCHES 
Meet Many heeds 


High quality functional clutches designed in a wide range of sizes 
and capacities for indexing, free-wheeling and backstop service. 


‘aie 


MORSE Indexing and * ili Free-Wheeling CLUTCH 





- 


Morse Free-Wheeling Clutch on inching drive 
on paper process machine. 





feed to press. 
MORSE Free-Wheeling 





4 


rood av- Worse Free-Wheeling Clu: ch Couplings on duel ™ Morse Free-Wheeling Clutch Coupling on reel 
unwinder drive in steel mill. 


driven, direct connected generator. 
Indexing CLUTCH 


PE Pe “a 





Two Indexing Clutches on segment type universal spring a Morse Indexing Clutch on double press 
+++ One for feeding wire, the other for backstop. roll feed. 


Morse precision products also include silent and roller chain drives, 
sprockets, chain couplings, Morflex Couplings, Radial Couplings, 
Pullmore clutches, automotive time chains and marine drives. 


FLEXIBLE COUPLINGS CLUTCHES 


SILENT CHAINS ROLLER CHAINS 


: POS 


DETROIT, MICH. DIVISION BORG-WARNER CORP. 











ORSE CHAIN COMPANY ITHACA, N. Y. 
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the tide of battle in our favor. 


We salute the stout-hearted men, and especially the 
courageous women, not only of Reliable, but of thousands 
of other busy plants, as real liberty-loving guardians of 
America. We entrust to them, together with our armed 
forces, the precious future of our children, our homes, our 


country. We know they will not fail. 





us help you formulate them. 


The Reliable Spring & Wire Forms Co. 


3167 Fulton Rd., Cleveland 9, Ohio 


Representatives in Principal Cities 


YOU CAN RELY ON WLLL 


Roa: Saar 
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In this struggle for the supremacy of freedom 
over tyranny—labor and leadership have one 
common task. By the volume and the quality 
of our wartime production, we will prevail 
over our enemies. Our adversaries also have 
stout (if not willing) workers, directed by overlords of 
Satanic genius. But American industry—management work- 
ing hand and glove with shopworkers—is inexorably turning 


— an, 5S 


Today, Reliable Springs go 100% into combat and essential industrial 
equipment. Tomorrow, Reliable Springs will ably serve your normal needs. 
Whether you are at work on war products now, or planning for future 
peace-time requirements—send us your specifications and blueprints, or let 





tween live parts provides adequate protection agains 
electrical leakage. Fuse grip permits full visual shock. 
proof inspection of fuse. A spring-activated cup at the 
bottom insures both positive and continuous electrica| 
contact. 


Solenoid-Operated Fluid Valve 


ESIGNED for remote 

control of anti-icing 
fluid flow to the various criti- 
cal parts of the airplane that 
are subject to ice accumula- 
tions, a new solenoid-oper- 
ated fluid shut-off valve in- 
troduced by Adel Precision 
Products Corp., 10777 Van- 


owen avenue, Burbank, 
Calif., weighs only 6.96 
ounces. Having a _ dural 


body, the valve is equipped 
with standard AN 3102-8S- 
1P receptacle and may be 
had in port sizes for %-inch 
pipe thread or %-inch tube 
fittings. Valve is normally closed. 





Installation may be 
planned for any operating position. Current is .25 am 


peres, 24 volts direct current. Units are available fo 
working pressures of 50 and 250 pounds per square inch. 
In addition to its use in the ice protection of propeller, 
pilots’ windshields, bombardiers’ windows, carbureton, 
and pitot tubes, it is adaptable for a number of other 
systems such as heater fuel or oil dilution control, ete. 


Foot-Operated Switch 


O FACILITATE starting and stopping of any elec 

trical machine or equipment operated by foo: pres 
sure, Metallic Arts Co., 243 Broadway, Cambridge, Mass. 
has announced its Maco foot switch. It is rated at 12 
volts at 15 amperes alternating current. Spring tension 
on pedal is flexible, allowing either light or heavy pre 
sure. Housing is gray-iron casting with wrinkle finish 1 
machine tool gray; it fits closely to prevent chips and ol 
from reaching electrical components inside. Overall di 
mensions are 6% x 3% x-2% inches. Electrical commer 
tions can be made to screws of approved barrier st"? 
thereby eliminating use of soldering iron. 


Aircraft Selector Switch 


NCORPORATING snap action, a new type of aircratt 
selector switch has recently been perfected by The 
Paul Henry Co., Los Angeles. Known as 4 camso# 
rotary tap switch, it is made with from one to four and 
circuits and twelve secondary circuits, permitting 3 van 1 
of applications such as pilot compartment heater a 
wing flap control, cow] flap control, and others where 8 i 
quence of operation is desixed. Opening and closing 
a circuit is accomplished within three oF four degyees 
motion of the cam. Current rating for 50,000 
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WHERE does Stackpole Molded Powder 
Metallurgy Fit into YOUR Picture ? 








it pays to know! 


Iron powders made from non-critical mill scale and ore, solidly molded 
to close tolerances represent an important source of easier-to-obtain and 


i] 
EVERYTHING IN CARBON less costly components for a wide variety of products. 
BUT DIAMONDS” 
brushes for all rotating machines— From molded gears, to pole pieces for small motors, magnetic yokes for 


Anodes — Electrodes — Brazing Blocks circuit breakers, and iron cores, to large parts and unusual shapes where 
~Bearings—Welding Rods, Electrodes much machining is ordinarily involved, Stackpole Molded Powder Metal- 
tnd Plates — Pipe — Packing Piston lurgy is already outstandingly effective in many industries—and this is 


md Seal Rings—Rheostat Plates and barely the beginning. 


Dises— Brake Lining, ete. 
So far-reaching are the possibilities of these molded materials, it is safe 


MOLDED METAL CONTACTS to say that there are few products indeed wherein the possible use of such 
‘Gl0 Fixed and Variable Resistors, components should not be considered. Stackpole engineers welcome the 
lon Cores, ond Switches for the opportunity to cooperate—and to tell you frankly whether or not Stack- 

Electronics Industry pole Powder Metallurgy methods may be of service. 


STACKPOLE CARBON COMPANY, ST. MARYS, PENNA. 


MOLDED CARBON AND METAL PRODUCTS 
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The shaft of the agitator shown in 
this blueprint is typical of many 
process equipment parts that stay 
on the job longer because they 
are made from this tubing. 


Check these 5 Advantages of 
this Welded Stainless Tubing ! 


Here are five of the reasons why more and more 
Carpenter Welded Stainless Tubing is used in many 
types of processing equipment: 


It provides positive protection against corrosion 
and heat. 


It helps guard against product contamination. 


Easy to clean, this tubing saves time between 
operations. 


its high strength-weight ratio permits the use of 
lighter gauges for lower costs, less weight. 


uu S> wo PD 


Uniform walls and lighter gauges mean easier 
bending, flanging, welding, etc. 


For help in selecting the type of Welded Stainless Tubing 
best suited to your needs, get in touch with our Metal- 
lurgical Department. Ever since Carpenter pioneered the 
development of this type of tubing, we have provided 
production-engineering assistance to users and fabricators. 


Fabricating Hints 


in Carpenter's series of QUICK 
FACTS bulletins can help you 
get the most from Welded Stain- 
less Tubing. A note on your 
company letterhead will start 
your series of QUICK FACTS 
bulletins on the way. 





THE CARPENTER STEEL COMPANY 
Welded Alloy Tube Division Kenilworth, N. J. 


WELDED 
STAINLESS TUBING 






















is 10 amperes at 29 volts, inductive load. Used as a 
selector switch, it may be mounted singly or in gang and 
operated by a single shaft. Shaft is serrated but can be 
furnished either in hex or square design. Any type of 
cam-operating member can be incorporated. All circuits 









have screw terminals requiring no soldering. The unit 
is extremely light in weight (three to four ounces) and fits 
any standard instrument mounting. Case is fully er- 
closed and is built of macerated phenolic. 





Air Compressor Improved 


MALL but powerful air compressor has been devel: 
oped recently by W. R. Brown Corp., 5720 Armitage 
avenue, Chicago 39, to meet United States Navy stand- 
ards of compactness, lightness and efficiency. Available 












for installation on equipment and machinery requiring 
compression or vacuum, the compressor delivers two voll 
feet free air per minute at pressures up [0 45 — a 
Vacuum up to 25 inches is produced. A feature on 
new unit is the elimination of heavy, oily pene 
rings, employing instead multiple-ply diaphragms 
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E' prepared to meet post-war markets, by 
thinking ahead and installing “Airgrip” 
Holding Devices. When peace comes these 
versatile “Airgrip” Devices will speed up the 
change over to consumer market require- 
ments—lower unit costs, more manufactured 
items in a shorter time at prices that will at- 
tract the buying public. Put to work now, they 
will step up war output more than 25%. Sim- 
ple and easy to operate, by either men or 
women, they also helpsolve the labor shortage. 

“Airgrip’’ Holding Devices are available on 
short notice, and they can be quickly install- 
ed. “Airgrip’’ engineers are ready to help you 
on any problems where pneumatic or hydrau- 
lic power should be applied. 































The New Hi-Po Supercharged 
3,000-Lb. Hydraulic Pump— 
Driven by a *%-HP Motor—De- 
livers smooth, chatter-free power 
— Builds Up Pressure Fast— Wide- 
ly Adaptable for Hydraulic Pow- 
er Applications. 





Anker-Holth Mfg. Co. 





332 S. Michigan Ave. 


Chicago 4, III. 
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in addition to saving weight assure clean, oil-tree air. 
The compressor will operate in any position and requires 
¥4 horsepower input. Its overall size is 942 inches in 
height, 6 inches in diameter. Precision ball bearings are 
sealed in, requiring no lubrication, and vibration and 
noise are held to a minimum. The model shown in the 
accompanying illustration, as well as a Master twin com- 
pressor with double capacity, is available. 


Pneumatic Atomizing Nozzle 


N IMPROVED type 

of pneumatic atom- 

izing nozzle for humidifi- 
cation systems is being of- 
fered by Spraying Sys- 
tems Co., Chicago. In 
the nozzle, known as Type 
JHS, water and com- 
pressed air are mixed ex- 
ternally to produce a 
round spray which is pro- 
jected from 10 to 20 feet 
depending on air pressure 
used in the system. Two 
monel metal strainers are 
included in the body of 
the nozzle, one for air and 
the other for water, per- 
mitting easy removal of strainers for cleaning or replace- 
ment. All parts of the nozzle are accurately machined of 





brass and white coated. Because the unit is complete in 
itself, it can be quickly and easily adapted to almost alj 
types of installations where close control of atmospheric 
conditions is required. According to the Company the 
design of the new valve contributes to lower Operating 
costs, improved atomization, and longer life. 


Pilot Lights for Panels 


EASURING approximately 2 inches in length ; 

new series of pilot lights has been designed fui 
grounded pilot light panels by Gothard Mfg. Co., 19) 
North Ninth street, Springfield, Ill. The lights mount » 
l-inch centers, permitting a number of units to be inog. 
porated within a small space. Body of hexagon design 
facilitates the use of a socket wrench in installation anf 


insures solid mounting which will not work loose. Bub§ 
change may be accomplished from the front of the pane 
without disturbing body mounting or wiring. Bayonet 


socket lamps (long or round) may be used. The pilot 


light is available with faceted or plain lenses. 








HYDRAULIC PUMPS AND CONTROLS - 


UIPMEN 
SSEMBLIES - POWER UNITS - SYSTEMS - SPECIAL HYDRAULIC EQ 
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EAK PRODUCTION = gam" *"*" 
PEEDS THROUGH i 


‘ with these 
RTHINGTON ALLSPEED DRIVE FEATURES 








incor RATIO (FROM ONE-EIGHTH MOTOR 
desin |  $PEED TO TWICE MOTOR SPEED)—For all 
n and for all needs. 


Y DRIVE WITH AUTOMATIC POSITIVE 


STANTANEOUS AND SMOOTH STEPLESS 

NTROL— Minimum through maximum speeds 
vith a “finger-tip touch” while unit is in operation, 
E-UNIT CONSTRUCTION . .. MORE COM- 
ANY DRIVE IN ITS FIELD. 
VE instclled in any position. perme re 
able fo any machine . . . new or : 
Easily accessible. . 

LICITY OF DESIGN—Minimum werking parts 
flo springs ... trouble-free operation. 
URDY CONSTRUCTION... CONSERVATIVELY 
_ RATED—Oversize retainer type ball bearings. 

OW MAINTENANCE COST—EBelts removed 

“eas and quickly without dismantling unit. 

VAILABLE FROM STOCK —Arrange for a 
demonstration today by writing the authorized 
WORTHINGTON ALLSPEED DRIVE DEALER in your 
a, or the nearest Worthington District Office. 





Designed specifically to 











THE WORTHINGTON ALLSPEED DRIVE seeetiate aa oepiesin 
has been thoroughly job tested on many applications. by finding the peak 
It has proved its efficiency and stamina on a wide 

variety of work, including the finest precision jobs. production speed of any 
Reports from plant engineers and time study men show a 

an increase in production ranging from 25% to 200%. pr oductive unit. 


The Worthington Allspeed Drive will also play an im- 
portant part in your training of inexperienced help by 
allowing you to increase the speed of the driven unit to 
parallel the growing experience of the operator .. . 
for maximum production with minimum spoilage. 





fv3-15 
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How Will Your 
@ilitelaaim aac aee 


That’s easy! They'll live better 
than you just as certainly as you 
live better than your parents. 
American industry has put the 
car, the refrigerator, the radio 
and other conveniences within 
the reach of all. After the war, 
the three-plant facilities of the 
Weatherhead Company will be 
prepared to help you build these 
products again and—mark this! 
—many strange new devices 
which one day will make your 
life, and your children’s lives, 


pleasanter in scores of ways. 


Look Ahead with EP 


Weatherhead 


THE WEATHERHEAD CO., CLEVELAND, OHIO 
Manufacturers of vital parts for the automotive, 
aviation, refrigeration and other key industries. 


Plants: Cleveland, Columbia City, Ind., Los Angeles 
Canada—St. Thomas, Ontario 











Powder Metal Machine Part 


(Concluded from Page 127) 


the part is successfully used to withstand extreme shoct 
Shown at j is a clutch disk made of a brass seainie 
with a fine graphite evenly dispersed throughout the “a 
al. Used in a government instrument, it provid | 
times the service life of conventional materials. 

Friction linings represent an important application ¢j 
powder metallurgy for the creation of new materials hay 
ing unique characteristics. Hitherto the most Satisfacton 
friction materials have suffered from one or both of th 
following disadvantages: Coefficient of friction wile 
with temperature, and materials tend to store rather than 
to dissipate heat. When it is realized that the energy re. 
quired to brake a bomber landing on the runway of an air. 
field can generate a temperature of 1200 degrees Fahr, ai 
the surface of the brake linings in 6 to 8 seconds, the in. 
portance of a high rate of transfer needs no emphasis 
Powder metal linings of copper (for high heat conduct. 
ity) with the addition of certain ingredients to control th: 
friction effect, serve the purpose as no other material cay, 
Steel or other backings are used to furnish the necessan 
strength, the backing and facing being bonded together 
during the sintering stage. 


€S many 


Powder Metal in Clutch Facings 


Powder metal clutch linings are performing valuabk 
service in aircraft for two-speed supercharger drives and 
retractable landing gear mechanisms, as well as in tank 
for revolving turret mechanisms. Typical clutch element 
for trucks are illustrated in Fig. 9. In this type of service 
clutch mileages of 100,000 are claimed compared with 
about 15,000 miles for some other types of lining. The 
powder metal clutch facing in one particular bus served 
for 351,819 miles before renewal. 

Filters of powder metal may be so porous that light ca 
be seen through a part %-inch thick. Such filters find 
extensive use in fuel lines for fighting machines, particu 
larly airplanes and tanks and equipment using diesel ¢ 
gines. 

Among developments shortly to be expected on a cot: 
mercial scale are hot pressing for the production of dense 
parts, centrifuging for the creation of pressure instead 0 
pressing, and combinations of powder metal and plastics 
for the creation of a wide range of new materials. 2. 

Producers of powder metal parts, as previously indi 
cated, are rapidly acquiring the experience that is & 
abling them to offer expert advice on design of new ant 
unusual parts. Having been forced to tackle unusut 
jobs under pressure of war, they will be found ready ai¢ 


willing to undertake the solution of new problems. De 
signers can take advantage of the experience of te 
he possibil 


powder metal engineers by consulting them on t 
ities of new and improved parts. 
MacuinE DEsIcN is pleased to acknowledge the mage 
of the following companies in the preparation of this =~ 
Bound Brook Oil-less Bearing Co.; Chrysler Corp., aa 
Div. (Fig. 1); The General Metals Powder Co. ( Figs. 4 ‘ 
and 9); Hardy Metallurgical Co. (Fig. 7); Keystone aa 
Co. (Fig. 8); Powder Metallurgy Corp. (Fig. 5); The Umit 
States Graphite Co.; Westinghouse Electric & Manufactum 
Co. (Fig. 2); and The S. K. Wellman Co. 
1945 
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* STABILIZED to keep its tough- 
ness and transparency — that’s 
Albanene Tracing Paper. Because 
it is treated with crystal-clear 
Albanite, a new synthetic solid 
developed in the K&E laborato- 
ties—Albanene will not oxidize, 
become brittle or lose transpar- 
ency with age. Albanene’s im- 
proved drawing surface takes ink 
or pencil fluently, erases with ease 


»+. Ask your K&E dealer. 
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KEUFFEL & ESSER CO: Est. 1867 


CHICAGO - NEWYORK « HOBOKEN, N.. J.» MONTREAL 
SAN FRANCISCO + 
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FOR FROZEN’ MOTORS AND MEN 








In bleak and frigid Northlands, air crews use 
unit heaters, powered by gasoline engines; to 
pre-heat motors, and other vital units of the 
plane — to prevent damage, and speed-up prepara- 
tions for the take-off. One more front-line duty 
for the hundreds of thousands of dependable, 
instant-starting Briggs & Stratton 4-cycle engines / 
serving our armed forces in hundreds of special / 
and standard applications. 











"T= war’s unprecedented demands 
have given us the opportunity to 
successfully meet a double challenge. 
ONE — to set new all-time records 
for production. TWO—to constantly 
maintain, even under wartime stresses, 
Briggs & Stratton high standards of 
quality, rugged dependability, preci- 
sion manufacture and economical per- 
formance. 


Thus we are better prepared than 
ever — to help on your present war 
needs or your postwar 
planning — and to keep 
up the Briggs & Stratton 
tradition as builders of 
“the world’s finest air- 
cooled gasoline engines.” 


“It’s powered right — 
when it’s powered by 
Briggs & Stratton.” 


BRIGGS & STRATTON CORP. 
MILWAUKEE 1, WIS., U. S. A. 


4 \ 


BACK THE ATTACK ENGINES 


BUY WAR BONDS 
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OR the past two 

years chief engi- 
neer in charge of 
radio communica- 
tions equipment de- 
velopment, Palmer’M. 
Craig has been named 
chief engineer of the 
radio division, Philco 
Corp. Mr. Craig 
joined the Philco Re- 
search Laboratories 
as a radio engineer in 
1933 and assisted in 
the development of 
high fidelity recep- 
tion, automobile ra- 
dios and the first remote-control radio receiving sets. In 
1938 he was appointed engineer in charge of consoe 
radios, and prior to Pearl Harbor took a leading part a 
the company’s development of electronic equipment. A 
graduate of the University of Delaware in 1927 witha 
B.S. in electrical engineering, he formerly had been asso- 
ciated with Westinghouse Electric & Mfg. Co. Mr. Craig 
is certainly well equipped for his new post through his 
background in radio research and engineering. 





























OLD medal and research awards were presented by 
the American Society for Metals during the Metd 
Congress to Roy A. Hunt (right), president of the Alv 


minum Co. of America, and Zay Jeffries (left), technicd ( 
director, lamp department, General Electric Co. ] 

Under the guidance of Mr. Hunt, recipient of the 1 ; 
search award, the Aluminum company has been a leader 
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Oil tanks for warplanes 


built by American Magnesium 


Very light in weight, because they’re made 
of magnesium, these tanks help increase a 
plane’s “payload” capacity. Built, accurately, 
on a production basis for use on an airplane 
assembly line, schedules are high, while 
costs are held down. In service, these tanks 
Preserve the quality of the oil they carry, for 
magnesium does not attack, nor is it attacked 
by, the oil. 

Do these properties of a wartime magne- 


_ Slum product suggest ways of improving what 


you will manufacture in peacetime? 
American Magnesium’s facilities, which 


MAGNESIUM 
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made possible a quick change-over to this 
kind of production when the emergency first 
arose, will be available to you for that peace- 
time production. The knowledge of design 
and skill in manufacturing gained in more 
than twenty years of working with magnesium 
will be yours for the asking. Our engineers 
will be glad to advise you on how best to em- 
ploy this lightest of the lightweight metals. 

Send for a free copy of the new book, 
“Designing with Magnesium”. American 
Magnesium Corporation, 1703 Gulf Build- 
ing, Pittsburgh, Pennsylvania. 


PRODUCTS 
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Dependability! 
Flexibility! 
Accessibility! 






CANNON PLUGS 
HAVE ALL THREE! 


The Type K Cord Connector 
is an Outstanding example 
of an electrical fitting de- 
signed to make assembling, 
wiring and opening for in- 
spection, a very simple pro- 
cedure. This flexibility is accomplished by split shell 
construction, a feature pioneered by Cannon. 

In addition to its ease of handling, another im- 
portant feature is the fact that the cable entrance of 
the 90° cord connector can be placed in several 
different positions. 

All Cannon Connectors, from drafting board to 
finished product, are precision-built with one thought 
in mind .. . to make the most practical connectors 
embodying qualities of dependability, flexibility and 
accessibility that are 100% assured. 





The Cannon Catalog Supplement gives a resume of 
the Cannon Connectors for general use. Drop us a line 
on your letterhead and we'll gladly mail you one. Ad- 
dress Department A-107, Canon Electric Development 
Company, Los Angeles 31, California. 


CANNON ELECTRIC 


Cannon Electric Development Co., = 
Los Angeles 31, California ; 


Canadian Factory and Engineering Office; 
Cannon Electric Company, Limited, Toronto 





Representatives in principal cities — Consult your local telephone book 
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in the research and technical development of a metal 
which has had its industrial growth in the Past fifty-fy 
years. By consistently sponsoring research and btie 
ment, he has helped substantially to advance the arts fe 
sciences relating to metals. With his father a Pioneer 
metallurgist instrumental in organizing the Pittsburgh Re. 
duction Co. for reducing aluminum by the electrolytic 
process, and with Mr. Hunt's being connected with th 
Aluminum company later as a young man when the met 
was in an experimental stage, he was practically “raised 
on aluminum”. He graduated from Yale in 1903 anj 
joined the Pittsburgh company. He served in many « 
pacities during the following years, until in 1919 he be. 
came vice president in charge of both fabricating and re. 
duction plants. On June 4, 1928, he was named president. 
Zay Jeffries, who received the gold medal, graduated 
from the South Dakota State School of Mines and became 
an instructor in metallurgy at the Case School of Applied 
Science. Later he received his Doctor of Science degree 
at Harvard university. Resigning his faculty position a 
Case, he became technical director of the lamp depart 
ment at General Electric Co. and director of research of 
Aluminum Castings Co. Dr. Jeffries is also chairman of 
the board of Carboloy Co., and of the metals conservation 
and substitution group, National Research council. 


¢ 


Bert H. Nore has recently been appointed assistant 
professor of administrative engineering in the College of 
Applied Science, Syracuse university, Syracuse, N. Y. He 
previously had been an industrial engineer with Carrier 
Corp., during which time he also taught evening courses 
in motion and time study in the engineering, science and 
management war training program which the university 
is conducting. 


SSOCIAT- 

ED with Inter- 
national Nickel Co. 
Inc. since 1922, T. H. 
Wickenden has been 
appointed manager of 
the development and 
research division of 
the company. He 
had_ been assistant 
manager of this di- 
vision since 1981. 
Well known in engi- 
neering circles in the 
automotive industry, 
he was in charge of 
engineering at Stude- 
baker corporation’s South Bend plant 





from 1918 to 1920. 
For the next two years he worked with Chrysler, y 


ing materials for the first Chrysler car. He then }0 "1 
International Nickel and was placed in charge of deve 
opments in the automobile field for the development 4 
research department. Credited to him are numerous ; 
ventions connected with the use of nickel in cast eo 
well as outstanding papers and engineering data ; 
on the use of nickel in steel and cast iron. With his en? 
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Equipping an oven with a glass window is not a new 
idea. You’ll find this popular convenience on ranges in 
many homes today. 

But oven door windows are just a starter. The stove we’re 
suggesting (the stove of tomorrow? ) not only utilizes fully 
the transparent and physical properties of modern glass, 
but it also typifies the many opportunities in product 
design that glass, as we make it, now opens up. 

We've discussed with range manufacturers the practical 
benefits of stoves engineered to take better advantage of 
the characteristics of glass. The stove of the future may 
ave more than double the vision that present oven door 
windows provide. You'll really be able to see what’s cook- 
ig. Moreover—our tests are indicating that the outer 
wurface of glass stays at room temperature longer than the 
netal it replaces. This not only points the way to a cooler 
titthen, but also to a more efficient range. 


























2 
WHAT’S SO SECRET asout an oveN ANYHOW? 


Perhaps, too, inside the oven there will be a lining of a 
special glass. Indications are that less fuel is needed to 
maintain a given oven temperature when this more modern 
lining is installed. 

Experiments are continuing. And as we go along we're 
pointing out to range manufacturers, and to other appli- 
ance people the many practical physical and chemical 
properties of glass. Here are just a few. It is unequalled in 
lasting transparency. Both chemically and dimensionally 
it is more stable than most materials. Its surface is among 
the hardest in the world; nonporous; acid-resisting; un- 
usually resistant to abrasions; unequalled weathering 
qualities. We can make it stronger than many metals; 
provide it in flat sheets or bent shapes. 

We’d like to tell you more about the many qualities of 
glass, about the many unusual developments of L-O-F 
research. Chances are that L-O-F glass now deserves 
serious consideration in your product or plant. Won't 
you write us about any use that interests you? That’s the 
way to really find out. Libbey ‘Owens:FordGlassCompany, 
11113 Nicholas Building, Toledo 3, Ohio. 











LIBBEY°-OWENS°FORD 


NAME IN 





A GREAT 
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FORGED AND ROLLED BY 


TAYLOR FORGE 


VERYTHING it takes to meet your 
requirements for forged and rolled 
rings; any size from 12” O.D. to 100” O.D. 


Ls ab bol 1-1 a Co) do pbele mB coll bbelemeselo mb colocosepbebbete! 
equipment. 


¢ Complete facilities for heat treating. 
¢ Modern testing laboratory. 


¢ More than forty years experience in 
Co} de phate Mosebolbelocmmerceretb leith 


TAYLOR FORGE & PIPE WORKS 


General Offices & Works: Chicago, P. O. Box 485 
New York Office: 50 Church St. 
Philadelphia Office: Broad Street Station Bldg. 


m Other Taylor Forge Products include: 
““WeldELLS” and related seamless fittings for pipe 
a 2-9 Co bbele bi Co) de(-to Ei (1-1 WB d (ob ele{-\- $a Co) de -To ME-1(-1-) Brey 44 (-t-1 
fo bee Mi cg-) Cob bole Mb el -Tol <- MB Co) am ole) t (<5 ao belo Mo) 0 01-) ao) ¢-s--1b bd) 
vessel outlets; light wall spiral pipe; heavy wall 
i=) (Tot bd (ony) Co Mie bole MB Co) de {= Mah 4-9 (0(-1o MS o)} ol-Saore) sable loi i-ve| 
furnaces, and similar forged and rolled products. 


INQUIRIES 
ARE 
hah) 
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ECENTLY _an- 

nounced is the 
appointment of W. F. 
Shurts to that of chief 
engineer of the hy- 
draulic division of 
Twin Disc Clutch 
Co., Rockford, II. 
Mr. Shurts joined the 
company in 1940 as 
development engineer 
on hydraulic convert- 
ers and_ hydraulic 
couplings. After grad- 
uating from Iowa 
State College in 1936 
with a bachelor of 


science degree in mechanical engineering, he joined the 
Chrysler Corp. in its engineering division and entered 
the graduate school of Chrysler Institute of Engineering. 
From here he received his master of science degree in 


neering, designing and metallurgical background, his 4 
vice has often been sought by manufacturers to check ep. 
gineering designs and specify materials and heat treat. 
ments. He collaborated in the design of several SUCCESS. 
ful automobile racing cars, including the Dusenberg: oj 
aircraft units, including autogyros, and more recently of 
helicopter parts. Also, he has recommended materials 
for ordnance and machine tool specifications, and has 
frequently advised on problems connected with heavy 
mining machinery. He also has been active in the intro. 
duction of special cast iron for wear-resistant parts in min. 
ing operations such as mill liners and wear-resistant pumps. 














mechanical engineering in 1938. He then became e- HERE'S 


gaged in development work for Chrysler on clutches and 


transmissions. Leaving Chrysler he joined Twin Disc a Perfect. se 
development engineer and continued to serve the com- § porcelain 


pany in this capacity through the time when the ly- 
draulic division was moved from Racine to Rockford, and 


until his recent appointment. 
SJ 


Armstron 
Rubber C 
The co 


E. J. SANDERS is the new vice president and director, easkets tr 


as well as chief engineer of Kontrol-Fan Inc., Glendale, 


Calif., according to a recent announcement. 
. 


prevents ¢ 


Their exe 


WitumM J. Russext has recently been named > lains a t 
president in charge of engineering for Landers, Frary rough sur: 


Clark Co., New Britain, Conn. Prior to his appointmet! 
Mr. Russell was manager of engineering at Westinghouse 


Appliance division, Mansfield, O. 


o 


differenti 


traction © 


Joun A. Hotsroox is now affiliated with Sperry - No sul 


scope Co. Research Laboratories, Garden City, N. Y, 












engaged in engineering work on aircraft instruments. * the A 
rs Which ar 
Marce.o A. Kinc has been appointed —- type of se 
gineer of the Moore Steam Turbine division, W° lige « 
ton Pump & Machinery Co., Wellsville, N. Y: rae 
ry ol e 
nal Cd» 

T. Cxyaupe Ryan, president, Ryan Acroueaiies hit Contamin; 

San Diego, Calif., has been elected president © 
198 § came | 
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REQUIRED: A trouble- 
free seal between metal and 
porcelain. It should be a 


compressible, resilient, and 








noncorrosive material. 


must not deteriorate. 


HERE'S THE SOLUTION: 


Perfect sealing between metal and 
porcelain is assured with gaskets of 
Amstrong’s 9Cork-and-Synthetic- 
Rubber Compositions. 

The cork content makes these 
fuskets truly compressible and thus 
prevents cracking of the porcelain. 
Their exceptional resiliency main- 
lains a tight seal, even between 
‘ough surfaces. It also takes up the 
lifrential in expansion and con- 
traction of the two materials. 


Special Advantages 
3 No sulphur is used in compound- 
ing the Armstrong’s Compositions 
Which are recommended for this 
'ipe of sealing job; therefore, they 
© not cause corrosion. They are 
free of extractables which would 
‘ontaminate oil. They do not re- 
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quire an adhesive for assembly. 


Armstrong's Sealing Service 

For sound recommendations con- 
cerning any sealing problem you 
have, send complete details and an 
assembly print to Armstrong’s en- 
gineers. They have developed more 
than fifty specialized sealing compo- 
sitions. (See the list of general types 
below.) These materials are avail- 


able as die-cut gaskets, sheets, ex- 


























truded rings, molded shapes, roll 


goods, ribbon, or tapes. 


Useful Booklet 

Helpful information about physi- 
cal properties of sealing materials 
is presented in ““Armstrong’s Gas- 
kets, Packings, and Seals.’’ Send 
for your copy of this free booklet 
today. Write Armstrong Cork Com- 
pany, S111 


Arch St., Lancaster, Pennsylvania. 


Industrial Division, 


ARMSTRONG’S 


GASKETS .- 


SEALS .- 


PACKINGS 


Synthetic Rubbers ¢ Cork-and-Synthetic-Rubber Compositions* 


Cork Compositions « 


*FORMERLY “CORPRENE 





Cork-and-Rubber Compositions 
Fiber Sheet Packings * Rag Felt Papers * Natural Cork 



















Fase DRUMS. 


These men have helped to solve difficult pump- 
ing problems in many types of industrial plants— 
involving the transfer of liquids varying in char- 
acteristics from naphtha to asphalt. 


THEY ARE AT YOUR SERVICE 


Call the man nearest you - or write the factory. 


° 








ATLANTA, GEORGIA 
W. A. Duncan 
BALTIMORE 16, MD. 
H. O. Link, Jr. 
BOSTON, WALTHAM, MASS, 
W. E. Burke 


BUFFALO, LACKAWANNA 18, N. ¥. 


A. W. Genske 
CHICAGO, ILLINOIS 

Bart C. Young 
CLEVELAND 8, OHIO 

Power Plant Supply Co, 
DAYTON 8, OHIO 

G. E. Schneider 
DETROIT 26, MICHIGAN 

. E, Oldham 

ERIE, PENNSYLVANIA 

H. D. McClintock 
HOUSTON, TEXAS 

B. M. Vaughn 
INDIANAPOLIS 4, INDIANA 

G. E. Schneider 
KALAMAZOO, MICHIGAN 

. F. Harper 

KANSAS CITY, MISSOURI 

J. J. Heinrikson 
LOS ANGELES, CALIFORNIA 

S. G. Anstey 
MEMPHIS, TENNESSEE 

J. H. Sprenger 
MILWAUKEE 2, WISCONSIN 

A. C. Nydegger 
MINNEAPOLIS, MINNESOTA 

S. P. McElmeel 
NEW YORK 7, NEW YORK 

F. P. Goertz 
OMAHA 8, NEBRASKA 


Interstate Machy. & Sup. Co. 
—— 4, PENNSYLVANIA 


. A. Otton 
PITTSBURGH, PENNSYLVANIA 
H. A. Haas 
ROCHESTER 5, NEW YORK 
J. H. Crosier 
ST. LOUIS 3, MISSOURI 
R. F. Leinberger 
SALT LAKE CITY 9, UTAH 
The Lang Company 
SAN FRANCISCO 5, CALIF. 
. E. Gates 
SEATTLE 4, WASHINGTON 
A. H. Cox & Co. 
SYRACUSE, NEW YORK 
John B. Foley, Jr. 
TAMPA 4, FLORIDA 
Henry G. Carter 


TULSA, OKLAHOMA 
Power Machinery Co. 


1155 Boulevard, N.E. 
Phone: VE-9501 

614 Glenolden Avenue 
Phone: Lafayette 3922 
24 Tolman Street 

Phone: “Waltham” 3692 
153 Lincoln Avenue 
Phone: Woodlawn 1300 
608 S. Dearborn Street 
Phone: Harrison 1494 
480 E. 120th St., N.E. 
Phone: Liberty 2142 

204 Hopeland Street 
Phone: HEmlock 3474 
1147 Book Building 
Phone: Cadillac 3033 
751 Napier Avenue 
Phone: 83277 

3227 Milam Street 
Phone: J.21887 

307 N. Pennsylvania St. 
Phone: Riley 5001 
American Nat'l Bank Bldg. 
Phone: 7380 

421 B.M.A. Building 
Phone: HA 6883 

405 S. Central Avenue 
Phone: Tucker 5758 

697 Hilcrest 

Phone: 4-6054 

1127 North Van Buren St. 
Phone: BRoadway 2888 
808 LaSalle Avenue 
Phone: Atlantic 5605 

71 Murray Street 

Phone: BArclay 7-8338 
1006 Douglas Street 
Phone: Aflantic 0871 
410 Budd Street 

Phone: Bell—Baring 4010 
915 Union Trust Bldg. @ 
Phone: Court 3752 

33 University Avenue 
Phone: Stone 2654 

1516 Pine Street 

Phone: GArfield 1151 
267 West First South 
Phone: 3-5831 

98 Folsom Street 

Phone: GArfield 7734 
1757 First Ave. So. 
Phone: MAin 1121 

249 Erie Boulevard, West 
Phone: 2-5678 

5505 Branch Avenue 
Phone: S-6587 

200 North Denver 
Phone: 5-2151 


WILLIAMSPORT 39, PENNSYLVANIA ss To Avenue 


Geo. N. Pennington 


YOUNGSTOWN 5, OHIO 
Industrial Sales & Sup. Co. 


CANADA 


TORONTO, ONTARIO 


The Arthur S. Leitch Co, Ltd. 


VANCOUVER, B. C. 
Thos. W. Mackay 
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POWER PUMPS 


hone: 


3931 Market Street 
Phone: 2-2212 


1123 Bay Street 
Phone: Ki. 416 

1396 Richards St. 
Phone: Marine 7633 


ERR ree LAV5 6° > 8 Fh 


—— vert Jom eee 


5 to 750 GPM. Pressures to 300 psi. Temperatures to 600°F. 


HAND PUMPS 
7 to 25 GPM — 54 Models. 


Write for Bulletin 301 - Facts about Rotary Pumps. 


BLACKMER PUMP COMPANY 
19711 Century Ave., Grand Rapids 9, Mich. 
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“BUCKET DESIGN’-~SELF-ADJUSTING FOR WEAR 





craft War Production Council Inc., succedin 
T. Conv of Northrop Aircraft. — 
. 

R. C. Grirriru has joined Denison Engineering Co, 3s 
manager of engineering and research. Mr. Griffith has 
a wide background in the field of oil-hydraulics, having 
been connected with the machine and tool design fields, 
automobile engine and chassis design, and later with 
Vickers in oil-hydraulics engineering. 

. 
WituiaM J. Coney, former chairman of the engineer. 
ing department, University of Rochester, has become 
connected with Lincoln Electric Co., Cleveland, as ep. 
sulting engineer, handling problems on mechanical and 
structural design utilizing welding as well as metally. 
gical problems involving welding processes. 

o 

RALPH PENN who has devoted much of his time to en- 
gineering and development for Penn Electric Switch Co, 
Goshen, Ind., has been appointed director of engineering, 

o 

L. B. Racspa.e has recently become associated with 
Curtiss-Wright Corp. as manager of the airplane division 
department of its new development division. Mr. Rags- 
dale had previously been research engineer in charge of 
engineering on PT boat engines at Sterling Engine Co. 

* 

Earu K. Crarx, who during the twenty-one years he 
has been connected with Westinghouse has been re 
sponsible for many developments that improved electric 
appliances, has recently been appointed manager of the 
Westinghouse Appliance Engineering department. 

. 

J. W. PecxHam has been appointed manager of the 
development and desig’ engineering department for The 
Bristol Co., Waterbury, wonn. 

e 


ALEXANDER KENNEDY JR., identified with marine er 
gineering since 1919, has been named assistant to the 
manager in charge of engineering, General Electric Oo. 
Mr. Kennedy has been connected with the company since 
1908 and for the past ten years has been associated with 
propulsion turbines and gears designed for the Naw 


combat vessels. 
+. 


R. H. Hatnaway, formerly assistant chief engineer for 
Hammond Machinery Builders, has joined the Packer 


Machine Co., Meriden, Conn., as sales and service @ 


gineer. 
. 


A. J. WEATHERHEAD Jr., president of Weatherhead | 


Co., Cleveland, recently was presented with a citation 


for “inventive ingenuity which resulted in war production = 
critical ma 
The citation) 


designs that have saved large quantities of 
terials and many machines and man-hours’. 
was presented by Cot. Harotp M. REEDALL, ¢ 


Cleveland Ordnance district. 
+ 


hief of the 


the 


Icor I. Sikorsky has won one of the four awards in Us 
sixth annual American Design Competition for his 
copter and 4-engine amphibian. Mr. Sikorsky 8 7 
nected with Sikorsky Aircraft division, United 
Corp. 
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Gwitches are made to meet 


a wide variety of conditions i we a 
—up to 244 HP.—AC or DC. a“ — oe 


SNAP: Lock 


Motor Starter 











RK 
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MOTOR STARTER SWITCH 


A motor starter switch that will not 
fail—in the most exacting service— 
that’s what National Acme has built for 


all machinery manufacturers and users. 


These Motor Starter Switches are de- 
signed to out-last the motor itself, 
mechanically and electrically. They 
employ basic Snap-Lock principles per- 
fected for our own machines and 
proved on more than 80% of the ma- 


chine tools built. 


In planning your new machines, or in 
keeping your present machines running, 
get the facts about this switch—built 
by machine tool builders for machine 


tool builders. Ask for bulletin EM-43. 





sue 170 EAST 131°' STREET « CLEVELAND, OHIO 
Wi) TRULEY 4-6 AND 8 SPINDLE BAR AND CHUCKING AUTOMATICS + SINGLE SPINDLE AUTOMATICS + AUTOMATIC THREADING DIES 
"TAPS * THE CHRONOLOG + LIMIT AND CONTROL STATION SWITCHES * SOLENOIDS + CENTRIFUGES * CONTRACT MANUFACTURING 


‘REMEMBER 
YOUR FIRST 
DESIGN JOB? 


Chances are you do and will never forget that 
first contribution you made to a new and grow- 
ing industry. That’s the way we feel about our 
“first job”, too —Varnished Cambric and Tape. 


FAA 

Shortly after the turn ot the century, Varnished Fabrics 
became a vital factor in controlling the current that was 
harnessing electric power to the wheels of industry. For 
it was then that the Irvington Varnish & Insulator Com- 
pany, a pioneer in the field of electrical insulation, began 
its career by developing an improved yellow varnished 
cambric and perfecting the manufacture of black var- 
nished cambric. Later, as the need became evident, Irving- 
ton also developed and first introduced seamless bias 
cut tape. 

Today, with a line embracing a wide range of electrical 
insulation requirements, we still regard Varnished Cam- 
bric and Tape as our “first job” and steadfastly maintain 
the standards which earned their early success. From its 
founding 38 years ago, on an unswerving policy of high 
quality and rigidly controlled production methods, the 
name “Irvington” still signifies outstanding electrical 
insulation. 

If you do not already use the dependable products man- 
ufactured by Irvington, send for latest literature on any 
of those listed below. Or, if specific information is needed 
on any unusual problems, our engineers are always ready 
to assist you. Write Dept 86 


Varnished Paper 
Varnished Tubing 
Varnished Nylon 
Varnished Rayon 


Varnished Canvas & Duck 

Varnished Fiberglas 

Insulating Varnishes 

Extruded Plastic Tubing 
Varnished Slot Insulation 


IRVINGTON VARNISH & INSULATOR CO. 
Irv Jersey, U.S.A. 
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Insures Positive Drive with Fluid Coupling 


x. yore increase or decrease in speed of an engine 
employing a gear-driven supercharger may damage 
the transmission and shafting due to the rigid and inelastie 
nature of the drive. Introduction of a hydraulic coupling 
into the drive provides the necessary flexibility but rep 
ders the supercharger inoperative at extremely low ep 
gine speed when the coupling ceases to function due 
excessive slip. With such a coupling it therefore § 
necessary to provide means for by-passing the coupling 
at low speeds. A design incorporating this feature § 
covered by patent 2,326,570 recently assigned to Twin 
Disc Clutch Company. q 

Countershaft driven gear, as indicated in the illustm 


Runner. 


Runner gear Impeller 


Impeller gear 


Sa Supercharger shaft 


Impellershaft W 


oo 


| 


=e 











Countershaftt 


Guntershaft Overunning clutch 


driven gear 





When coupling slip becomes excessive at low speeds, 
supercharger receives positive drive through overrunnilg 
clutch, shown in detail at lower right 


tion, meshes with a suitable gear on the engine crank 
shaft or camshaft. Also keyed to the countershaft ## 
pinion that meshes with the impeller gear associe 
with the hydraulic coupling. Runner of the coupling 8 
attached to the supercharger drive shaft. At normal of 
erating speeds the drive is through the impeller gear, it 
peller shaft, impeller runner, and supercharger shalt, 
Attached to the runner is a runner gear which mass 
with a corresponding gear on the countershatt. Howel 
this gear is not keyed to the countershaft, but is comls 
to it through an overrunning clutch consisting of a . 
of rollers interspersed between the sleeve on the cowl 
shaft and the gear. When the countershaft spe 
higher than the speed of the gear, the rollers are 
outwardly to establish a clutching connection “i 
internal surface of the pinion. This occurs whene , 
speed drops so low that the slip in the hydraulic 0m 
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Shell Type 
MOTORS 


Compact and Efficient 


Design is often facilitated and efficiency increased 
by making the motor an integral part of the 
machine or appliance. This type is particularly 
suitable where one of the motor speeds available 
is directly applicable to the purpose. 


The stator is pressed into a heavy steel shell and 
the rotor is bored ready to be mounted. Rotor is 
dynamically balanced on a test shaft with key 
in place. 

Ratings range from 14 to 714 HP; speeds, 1150, 
1750 and 3500 rpm. Built for A.C. single phase 


or multiphase currents. 





OHIO MOTORS INCLUDE 


Split-phase Induction to 1/3 HP Torque te 100 oz. ft. 

Direct Current to 1 HP : Shaded Pole to 1/30 HP 
Capacitor to 2 HP Synchronous to 1/4 HP 
Polyphase to 2 HP A.C, to D.C. Motor Generators 
Aircraft Motors High "te Voltage D.C. 
Shell Type to 734 HP Dynamotors up to 300 watts 














Tell us your requirements and we will 
advise with you. 


THE OHIO ELECTRIC MFG. CO. 
5906 Maurice Ave. Cleveland 4, Ohio 





becomes excessive, the drive then going through the oven. 
running clutch, the runner gear and the super 
shaft. In one particular instance the free-wheeling om, 
nection was designed to accommodate a 15 Per cent slip, 
The change from coupling to gear drive and vice versa 
is accomplished automatically in response to changes jg 
speed of the engine. 


Angle Drive Employs Multiple Pinion 


right-angle, multiple bevel gear drive capable 
l \ transmitting a large amount of power, yet mor 


compact and lighter in weight than a single large doubk 
gear unit, is the subject of patent 2,326,860, recenth 
assigned to Wright Aeronautical Corp. Advantages of ths 
type of drive are illustrated in Fig. 1. The new desig 
enables employment of a radial engine in an aircraft & 
with a slender fuselage by placing the engine with th & 
crankshaft in a vertical plane and the cylinder in th 
plane of the wing, thus presenting a profile of small area 
Further, it facilitates the installation of a cannon firing 
through the propeller hub. 

As shown in Fig. 2, there is provided a transmission 





ee —-— 


Fig. 1—Angle-drive transmission permits installation a 
radial engine in a slender fuselage, reducing aerodynamit 
drag, also allows cannon fo fire through propeller hub 


housing consisting of a vertical disk or ring tangent st 
one edge and integral with a horizontal ring. Upper edt 
of the vertical disk and right-hand edge of the ho 
disk are joined by an elliptical ring or plate sloped ae 
angle of about 45 degrees with respect to the dish 
Multiple layshafts supported by the housing each catty 
at one end a bevel pinion and at the other end #9 
pinion meshing with a ring gear. These shafts are (i 
cumferentially disposed relative to the ring gear MS | 
of different lengths. Through the bevel gears they @#8 
a similar set of shafts geared to a driven ring geal = 
length of all shaft sets is the same, hence the to y 
rigidity is the same so that the driving torque from 4 
ring gear is divided equally between the seve 
ear connections. 

; Because the driving torque is equally divided a . 
a number of small high-speed gear connections the 4 
gregate bulk and weight of the assembly is substan®" 


&. 


of} 
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ENGINE § 


The brilliant Wright ‘“‘Cyclone”’ Aero- 
nautical Engine, designed for maximum 
power per pound of weight, requires 
component parts necessarily light, yet 
of great strength and endurance essen- 
tial to the task. 


Hills-McCanna Magnesium Alloy 
Sand Castings contrib- 
ute this rare combina- 
tion of qualities to the 
efficiency of Wright 
Engines through high- 
ly advantageous appli- 
cation. 

Our expert engi- 
neers, fortified with 
years of intensive ex- 
perience with these 
castings can be of 
valuable assistance to 
you in your considera- 
tion of post-war plans 
and products. 





















BALDOR gqlass-insulated 
MOTORS conserve30% 
of critical materials 
WITHOUT sacrifice 
of Horsepower or 


@o8e@e @ 





The 100% Protected Motor with 
liberal overload capacity 


BALDOR ELECTRIC COMPANY, ST. LOUIS 
District Offices in Principal Cities 
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Fig. 2—Multiple high-speed bevel gear units provide 
right-angle drive transmission capable of handling large 
amount of power as in aircraft 


less than a single large bevel gear connection between 
the driving and driven shafts. Further, the disposition 
of the shafts and gears is such that a passage concentric 
with the driven gear may be established through the 
transmission, as represented by the dotted lines in the 
left-hand view, this passage permitting the installation 
of a gun through the transmission when the latter is used 
as an aircraft propeller drive. 


Constant Velocity Universal Joint 


ONSTANT velocity universal joints employing th 

medium of hardened balls to transmit torque hither- 
to have required the assistance of a ball cage or other 
means for locating the balls and preventing axial separs- 
tion of the driving and driven elements. A design which 
eliminates the cage and is capable of being readily a 
sembled and disassembled is covered by patent 2,321; 
448, recently assigned to Borg-Warner Corp. 

As shown in the accompanying drawings, the coupling 
comprises an outer and an inner element provided with 
raceways which accommodate the balls. The outer element 
is formed integrally with the shaft while the inner 5 
splined on its shaft but locked to prevent relative axial 
movement. Matching surfaces of the outer and inne 
elements are spherical. Raceways are inclined circutl 
ferentially, the direction of inclination being opposite for 
the outer and inner members. Raceways also are inclin 
radially but alternate raceways in each member are 
clined in opposite directions, as comparison of the two 
left-hand views shows. Conforming to the cross-section! 
contour of the balls, the raceways are semicircular 0 
shape. 


Torque Causes Wedging 


Torque applied to the balls in one direction will cau 
one series of alternate balls to be urged toward a 
of intersection of the crossed pairs of raceways, 
ing in wedging of the balls against the converging bottom: 
of their respective pairs of raceways. For example, ‘ 
ing torque applied to the outer element in a clockwise 
rection, indicated by arrow f, will cause the series oF? 
shown in the lower view to be urged toward 
as far as permitted by the converging bottoms 


i 
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OR many years the Imperial organization has been 

working with manufacturers on the problem of se- 
lecting the right fittings to best handle specific tubing 
connection problems. The types of Imperial fittings 
that are used in connecting up fuel, lubricating oil, 
water, air, refrigerant, and other lines are illustrated 
here for ready reference. 

If you have problems that involve the use of tubing 
connections on essential war equipment or on produc- 
tion machines that are turning out war products, we 
should be pleased to supply you with detailed infor- 
mation on any, or all, of these types of fittings. 






THE IMPERIAL BRASS MFG. CO., 513 S. Racine Ave., Chicago, Ill. 


sia ‘ - ’ —: "OO . - 





IMPERIAL COMPRESSION FITTING 


The Imperial Brass Manufacturing Company originated 
ihis compression type fitting which has been widely used 
in the industrial and automotive fields. No soldering, flar- 
ing or threading is necessary The loose sleeve slips over 
ihe tubing and is seated by compression when the nut is 
tightened. 


IMPERIAL S.A.E. FLARE FITTING 


The Imperial S.A.E. Flared Fitting is especially adapted 
for nigh pressure service and has the advantage that it will 
withstand a severe tensile pull without failure. This fitting 
is widely used in industrial and automotive applications 
and in such services as refrigeration. 


wrrrry 


8 in abit 
OU 


— 
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IMPERIAL HI-DUTY FITTING 


This fitting is an improvement on the compression design. ee ee Ei ‘ge 
lt consists of a nut with a grooved sleeve and a body pougaa 
When the nut is tightened the sleeve shears off and com- 
presses on the tube and becomes a permanent part of the 
tube. The correct alignment of the sleeve is also automati- 
cally maintained. When assembling there is no loose sleeve 
lo contend with and the Hi-Duty fitting stands up much 
beter under vibration. It can be coupled and recoupled at 
will and always reconnects tight. 


aphawr 


PAT 


“a 


IMPERIAL INVERTED FLARE FITTING 
In this fitting the nut screws into the body instead of 
over the body. This fitting is used in automotive applica- 
tions excepting in close connection work. 









“GROMMET PREVENTS TUBE FROM 


IMPERIAL TYPE "FN" FITTING _ COLLAPSING WHEN SLEEVE IS COMPRESSED 


This fitting was developed for use with flexible tubing. : ‘ e ee 
is a three piece compression fitting with a builtin | ~ Sse Kabat 

wommet to prevent the tube from collapsing This fitting is 4 
Widely used on war equipment and on trucks, buses, trac. 
ors, and similar applications where the use of flexible tub- 


mg iS required due to extreme vibration and tube movement. 





IMPERIAL FLEX FITTING 

This fitting was developed for applications where extreme 
Png is encountered and where the vibration between 
different Parts to be connected is in different planes and 
‘mplitudes, but where only minor tube movement is in- 


vo : ae , 
ved, In this fitting a sleeve made out of synthetic 
thstic material is used 


IMPERIAL 


Macunye Desicn—November, 1943 











The Advantage of 
A Single Source of Supply 





THERMOSTATIC 
BI-METALS 
* 
ELECTRICAL 
CONTACTS 





CURTISS WRIGHT CORP. 
PROPELLER DIV. PHOTO 


* The facilities of THe H. A. 
Witson Company enable manu- 
facturing customers to secure 
both electrical contacts and thermostatic bimetals from a single 
and dependable source. This is important, for materials from 
these two groups are frequently used in conjunction, as parts in 
the same device. 


* War, stresses the vital importance of perfected team play; and 
Witco Electrical Contacts and THERMOMETALS (thermostatic bi- 
metals) are now functioning with flawless coordination in various 
plane, tank, gun and ship applications. They also function sepa- 
rately or together in various instruments of the Army and Navy. 


Wiuco Propucts Are: Contacts—Silver, Platinum, Tungsten, 
Alloys, Powder Metal. Thermostatic Metal—High and Low Tem- 
perature with Electrical Resistance from 24 to 530 ohms per sq. 
mil,-ft. Precious Metal Collector Rings—For rotating controls. 
Jacketed Wire—Silver on Steel, Copper, Invar, or other combina- 
tions requested. 


Wi1co sales and engineering representatives are familiar 
with both Electrical Contact and THERMOMETAL applica- 
tion. Send us your problems for analysis or write for a 
copy of the new Wilco Blue Book of Thermometals and 
Electrical Contacts. 


THe H. A. Witson Company 
105 Chestnut St., Newark, N. J 


Branches: Chicago * Detroit 
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raceways, as indicated by arrows d. This urging is the 
result of the wedging action of the crossed sides of the 
raceways against the balls. 

The same torque which urges these balls into wedg. 
ing engagement with the bottoms of their raceways, en. 
abling them to transmit torque, tends to move the in- 
tervening series of balls toward the diverging ends of the 
bottoms of their raceways as indicated by the arrows ¢ 
in the upper view. However, since relative rotation be- 
tween the driving and driven elements is prevented by 
the balls through which torque is being transmitted, the 
balls in the upper view will be caged by the cross 
sides of their raceways. 

Parts are so designed that the centers of crossing of the 
raceways will always remain in a plane bisecting the axes | 








C4: J 


Outer 


Inner element 





Torque is transmitted through series of balls operating is 
raceways which are inclined in both axial and radial h 
directions. Alternate raceways have opposite axial slope 


PES 
of the driving and driven elements, and as a result the effic 
driving series of balls will transmit torque at unifom the 
velocity. Due to tolerances required for permitting free plan 
movement of the balls in their raceways, there will neces men 
sarily be a small amount of lost motion during reversal 0! E. 
torque. Subject to this motion, which is slight, the tv F 


series of balls will hold the two members against rota) 
or axial motion with respect to each other. 

Inner element is formed independently of the shaft mn 
which it is splined, in order to permit assembly and dis 
assembly. Inner element is inserted into the outer by 
turning it until its axis is at right angles to that of the 
outer and inserting it edgewise through the mouth of the 
outer element. Extremities of the inner element are * 
commodated in cutaway spaces in the mouth of the outer 
element, disposed diametrically opposite to each other. 

Balls are inserted by moving the inner element sut 
cessively to positions in which the ends of the. pairs ‘7 
ways substantially register with each other. To ie if 
any of these positions it is necessary that the shaft 
moved. After the shaft is inserted in the inner ele 
is impossible for the balls to escape from their raceways 
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mi] Suppose your Plant Equipment had to Fly.. 


yS, en 






























* We ask this far-fetched question to make a point. making the pumping equipment required by the 
Ten to one, if your equipment or product had aviation industry. In the course of engineering these 
eA to fly, you would have to make it far more pumps to meet the extreme flying conditions, we have 
ae efficient. developed many new features . . . exclusive features, 
slope In a nutshell... that’s our story to you about plus a know-how in precision manufacture that pro- 
PESCO hydraulic, air, vacuum and fuel pumps. The vide the highest standard of efficiency and dependa- 
It the efficient—and that should be put in capital letters— bility in pumping equipment. 
riform the EFFICIENT type of pumps we make for air- Whether you require pumping equipment for 
g free planes ought to be performing on your plant equip- pressurized power or controlled liquid flow, PESCO 
neces- ment, in your product. performance is available to you. May we tell you 
sal of Efficiency pays! more about PESCO Pumps and PESCO Engineer- 
~ For more than ten years we have specialized in ing Service? 
aft O10 SEND FOR THIS BOOK “Pressurized Power and Controlled WRITE TO... 
d dis- Flow by PESCO”. This book pictorially tells the story of PESCO PESCO Products Co. 
er by equipment, manufacturing facilities and engineering service. A copy SETI Recto 
of the will be mailed promptly upon request. Cleveland 6, Ohio 
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HANNIFIN 


PRESSURE REGULATING VALVES 


200 


Sometimes 
youll do BETTER 
with Less 


Aix operated equipment often performs 
better at considerably less than full line 
pressure. Or, different operations on the 
same air operated unit will require an 
adjustment in working pressure for best 
performance. Hannifin Pressure Regulating 
Valves provide the accurate, dependable 
control needed for easier and safer 
handling. The exclusive piston-type design 
gives sensitive, accurate control of air 
pressures, adjustable over the entire work- 
ing range to provide any reduced pressure 
desired. Piston-type design, with long 
valve stem travel, gives large volumetric 
capacity, meeting varying operating needs 
with minimum restriction to flow. The 
simple, dependable construction through- 
out means long life without maintenance. 


Built in three standard sizes, %, 2, and 
¥%, inch, for use on initial air pressures 
up to 150 lbs. Write for Bulletin 56-MD. 


HANNIFIN MANUFACTURING COMPANY 
621-631 South Kolmar Avenue e Chicago 24, Illinois 


ASSETS to a BOOKCA§ 


The Physics of Metals 


By Professor Frederick Seitz, Carnegie Institute of 
Technology; published by McGraw-Hill Book Co., 
330 pages, 5% by 8 inches, clothbound; available 
through MacHINE Desicn, $4.00 postpaid. 


Although this book deals specifically with the physied 
structure of metallic substances, it also provides a key ty 
better understanding of the physicist’s conception of 
matter. A commendable effort is made to present m 
inherently complex subject in nonmathematical language, 
making it comprehensible to a varied readership. 

Basic atomic theory is followed by a dissertation onthe 
arrangement of atoms in metals and this is amply qualified 
by illustrations of crystal-structure lattices applying to: 





| variety of common materials. Subsequent chapters cove 


| such phases of the subject matter as: The periodic chatt 
| substitutional and interstitial alloys; physical form of# 


| loys; elastic properties of crystals; plastic properties 
| single crystals, polycrystalline media, and alloys; creep 


| and secondary plastic effects; internal friction; rupir 
_and fatigue; diffusion in metals; solubility of gases 
| metals; properties of iron-carbon alloys; development 
| of electron theory of metals; band theory of solids; othe 
| sion of solids; magnetic properties and electrical ot 
| ductivity of metals. 

| Designers who desire a well-rounded general know: 
| edge of metallurgy will find this book interesting and high 
| ly informative. 


ow @ 


Patent Law 


By Chester H. Biesterfeld, B.Ch.E., M.P.L.; pub 
lished by John Wiley & Sons, Inc., New York; 295 
pages, 5%, by 8% inches, clothbound; available 
through MAcHINE Desicn, $2.75 postpaid. 

During recent years from 80 to 90 per cent of 
patents coming before our courts have been held , 
| This is an astonishing fact which renders obvious 
necessity for wider recognition of patent law ? 
on the part of technicians. a 
While there is no dearth of books dealing with 
procedure, this present treatise has much to commen 
True invention and discovery, both patentable, are @ 
fully delineated and compared to the mechani 
tion of ok recognized principles and concepts, 
simple improvements and the many types 
inventions, all of which are nonpatentable. 
legal trends in the patent field are noted and exp 
is the basic tendency toward higher standards in 7 


grants. ; . Novell: 
Complete coverage of the subject includes: : 
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A ROLLER BEARING AT 25,000 R. PM. 


, 
in 3OO-pvecree TEMPERATURES / 


Y 4 
be % 4 a 
—_———— "iF é : 
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csi EXHAUST <——_— 
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UNIT 


<_< guned. 
RUNS 


e ela 
auxiLiARY 7“ 


PROGR ESS-—for Aviation...and for Hyatt 


treating of metals to prevent ‘growth.’ It 
meant improvements in grinding practices 


Thanks to Turbo-superchargers, our planes 
now fly higher and faster... with ‘full mili- 


tary power’... at altitudes where the air is 
so thin that engines formerly lost four-fifths 
of their power. 

“One of the toughest of all machines to 
design and build,” its makers have said. 


and refinement of surface finishing technique 
... establishment of new manufacturing 
routines and inspection procedures. 

The result: a new super-precision Hyatt Roller 
Bearing, with inner race peripheral speed of 


10,000 feet per minute. 51 years of special- 


Ours was the job of supplying the roller 
ized roller bearing manufacturing, research 


bearing for a shaft spinning at 25,000 R.P.M. 
under 300-degree temperatures. This meant 
Pioneering advances in the: scientific heat 


HYATT BEARINGS 


DIVISION OF 


GENERAL MOTORS 


HARRISON, 


and progress made it possible. 


Have you a tough bearing assignment? 


BUILD FOR THE 
FUTURE WITH 
WAR 
BONDS 
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priority of invention; originality; abandonment; func- Treatment of Experimental Data 

ti l 1 . . . 7 . t f * . . 7” 

ional claims; double patenting; interferences; infringe By Archie G. Worthing, University of Pittsbu . | 

ments; licenses; trade secrets; searches and patent and Joseph Geffner, Weirton Steel Co. publi hed | iI( 

ts a ? 3 is Hie 

litigation. John Wiley & Sons Inc., New York; 342 pages by : 
n-0 oO by 9 inches, clothbound; available through Macue 

Desicn, $4.50 postpaid. 


















































Plywoods Specifically aimed at the physicist, chemist and eng. 
neer, this highly technical treatise serves as a practical | 
guide for clear, nonambiguous presentation of engines il 
ing data via tables, graphs and equations. Its intent if | 
to define procedures in treatment of data, stressing ty 
indigenous merits and limitations of each. Methods 


By Andrew Dick Wood and Thomas Gray Linn; 
published by Chemical Publishing Company, Inc., 
Brooklyn, N. Y.; 373 pages, 53/3 by 8% inches, cloth- 
bound; available through Macuine Desicn, $4.00 



























postpaid. ° : 
interpolation, extrapolation, determination of probabl 
With the increasing utilization of plywood as a con- errors, etc., are thoroughly explained, competent trey: 
struction medium in aircraft, ships, auto trailers, etc., as ment being accorded such phases of the subject matte | 
well as through the apparent potentialities of the material as: Representation of data by tables, graphs and equ. 
in many engineering fields, this book undoubtedly will tions; tabular and graphical differentiation and integy 
find a ready audience. tion; Fourier series; normal frequency distribution; meayfl | 
Following a chapter dealing with historical background, and precision indexes of unequally weighted meaupfl 
the reader is familiarized with the types of plywood con- ments; propagation of precision indexes; adjustment df) 
struction, characteristic structural properties of the various conditioned measurements; least-squares equations repe§ ||} 
woods employed, manufacturing methods and equip- senting observed data; correlation and analysis of no. 
ment, and numerous prevailing applications. harmonic periodic functions. 
Many photographs and drawings are employed to de- It might well be that through the efforts of men sucha 
monstrate how plywood is used in construction—this this book’s authors, clear-cut stancardization wil bk 
phase of the subject being treated in considerable detail— achieved covering the chart, graph and table methods d 
while the appendix offers a comprehensive glossary of data presentation. 
terms commonly used in the plywood trade. The tabu- A brief discussion of determinant methods is offered 
larized relative properties of commercial soft and hard in the appendix along with a number of pertinent tables 
wocds should prove of particular interest to designers. and a bibliography precedes the book’s index. saan 
@international 
thority on bec 
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.*Bridging the gap between steel and cast iron, ABSCO Meehanite combines the best properties of these two materials. It is available 
in 21 different types under 4 classifications: General Engineering — Heat Resisting — Wear Resisting — Corrosion Resisting. 













Brake Shoe 
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Mechanical Hair Drier; Powered 
with Limerson-Eectric Motor, Dries 
Heaviest Suit’ of Hair in 10 Minutes! 


This Startling Invention of 1898 Pioneered 
Another Great American Industry 

















electric motor-driven blower, heated air was forced 
| | through a pipe to the desired elevation. Women 

marveled at the time saved in drying their hair. The 
news spread, more shops were opened. Today, a 
nation-wide industry of equipment and supply manu- 
facturers, distributors and beauty salons serves the 
women of America. 




















By the ingenious combination of a gas burner and 











This is but one of many instances where Emerson- 
Electric has kept pace with the development of 
appliances and equipment from inception to their 
present-day utility. 





iM 
“As 

















This device was made for Mr. 
AF. Godefroy, of St. Louis, 
@internationally-known au- 
thority on beauty culture. 
ig 48 Emerson-Electric an- 
im Muncement of 1898 says “It 
ims *l dry perfectly the heaviest 
im "tof hair in ten minutes." 














Whenever you visit "the butcher, the baker, the candlestick 
maker,” you'll be better served by ti ing appli 

td equipment provided for your comfort, powered by 
Emerson. ic motors. 





The War Bonds You Buy Today Will Pay for the New Appii- 
ances and Comfort Conveniences You'll Want After Victory 


The expanded war activity of Emerson-Electric has created a new and vastly en- 
larged field of manufacturing operations, particularly in light metals and plastics. . . . 


is—added to the experience of more than half a century in the precision manu- Emerson-Electric is now 


facture of motors, fans, appliances, and arc welders—will be reflected in the Emerson- engaged in the produc- 
tric products of the future. tion of power-operated revolving turrets 

Ld . . . 

After Victory” manufacturers of new and improved motor-driven appliances and for United Nations’ Bombers, electric 


tquipment will again confidently power their products with Emerson-Electric 
otors, based on the latest conceptions of design, construction and efficiency. 


THE EMERSON ELECTRIC MANUFACTURING COMPANY 
Saint Louis... - Branches: New York e Chicago e Detroit « Los Angeles e Davenport 


EMERSON ELECTRIC 


motors for aircraft control, shell parts— 
also electric fans, motors and welders 


authorized by government priorities. 
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HOW TO IMPROVE 


vhoth DESIGN 


NEW DESIGNS AND CHANGEOVERS 
... by using these ABSTRACTS 


UNIT-TYPE 
HYDRAULIC TRANSMISSIONS 


® Many manufacturers are now redesigning HE TERM “special addition agent” refers to a grou 
their machines to incorporate latest developments and of ferroalloys containing boron, which have the it 
improvements. Many have post-war developments in 1 : pry 
progress. Many are using and specifying Barnes Unit- 
Type Hydraulic Transmissions for smooth actuation as 
well as conven‘ence and economy. 


If you haven’t investigated this modern simple way of 
improving your equipment do it today. 







Special Addition Agent Steels 






erty of markedly increasing the hardenability of may 
steels when added in relatively small amounts. These alloy: 
are also known as “needling agents” or intensifiers”, Mai 
reason for the interest shown in these materials at this tine 
is the promise they offer of conserving critical alloying 
' ‘ elements. It now seems certain that, by suitable adjus. 

Aes how tte dowe e ment of steel chemistry, these alloys can be used to replace 
; ; important amounts of such elements as nickel, chromiw 
and molybdenum. 

General effect of the special addition agents is to ir- 
crease hardenability and improve the mechanical prope 
ties of steel in the quenched and drawn state. In other 
than the quenched and drawn state, the additive seems 
to lower the mechanical properties. Although there ma 
be exceptions, this tendency has been noted in a number 
of instances. The improvement in mechanical properties 
Barnes pre-tested and resulting from an additive treatment is confined most 
perfected elements to the plain carbon and low alloy steels, and this improve- 
such as pumps and ment is most pronounced at low draw temperatures in th 
valves are used in the range of 300 to 500 degrees Fahr. In general it may be 
Proper a — stated that, with respect to hardenability and mechanical 
iain properties, a special addition agent treatment can make 
a carbon steel equivalent to a low alloy steel and a lv 
alloy steel equivalent to a high alloy steel. 










Complete circuits are de- 
signed from standard 
elements, pumps, valves, 
etc., making one supplier 
responsible for the suc- 
cessful operation of your 
hydraulics. 

























The circuit is housed as a self- 
contained unit or panel and 
shipped to you for assembly. 













The panel assembly is ideal Used for Automotive Parts What a pr 
for applications where ma- P 
chine base serves as oil reser- First commercial applications of these steels were mate shouts low 
voir. ‘ in the automotive industry. There are thousands of Buick udvettisem 
motor cars on the roads today with special addition agent 
Merely connecting steels in such vital parts as steering knuckles, steemlt Practically 
two pipes to each hy- arms, knuckle supports, transmission gears, transmis Bbshing 
eee? eagle main shafts, differential gears and axle shafts. Perfor 1. ; 
penning the walt or ance of these parts has been entirely satisfactory. Othe “pendabil 
panes comptetes the manufacturers of automotive vehicles have used additior hundreds , 






hydraulic installa- 





agent steels successfully in passenger cars and truck 















tion, ee ar eated carbo 
Comparing fabricating characteristics of treate | 
, — and manganese steels with untreated steels of rer x 
BARNES composition, the only noteworthy difference pag ot 
i é F ing ted 
FREE DATA 40-page booklet contains de- | a shop was the improved: machinability of the oa H. 
tail descriptions of all Barnes elements and | hydraulics higher manganese types. As one member of the orga" 2 
typical installation circuits. Write for your copy <> tion remarked. “These steels (treated ater The Ak 
- ? P eal 
today. Ask for bulletin M.D. 1143. ganese) anneal and machine like carbon steels ad “es 
treat like alloy steels.” Forging qualities ° the r= alls . 
am 
= steels appeared to be as good as those of the s 
John S. Barnes Corporation didi atid 
DETROIT SALES OFFICE MAIN OFFICE Bcd ag! WD SAE, AISI, HOO 
503 NEW CENTER BLDG. AND FACTORY No standard specifications, such as » SAR, , VE 






| ASTM, now exist for special addition agent ste 


TR-1-1706 ROCKFORD, ILL. 
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Battleships 


Bombers 







Gun Mounts 







Machine Tools 







Electric Motors 






A group 
€ prop. 





Armored Cars 











E mam Oil Wells 
e alloys 

” Main Railroads 
iis time 

alloying Trucks 
adjust 






Destroyers 
replace 


romium 








Locomotives 











































































} tO in- Marine Motors 
proper: 
n other Steel Mills 
- Seems 
re ma\ Torpedoes 
number 
Tanks 
yperties 
most Submarines 
prove: 
in the Arsenals 
nay be 
hanical Mine Sweepers 
| make 
a low Searchlights 
Powder Plants 

. : aaa : + Gun Directors 

What a product is, how it meets the test of use, what its record is in service 
‘matt i touts louder than any words that may be written about that product in an High Explosive Shells 
Buck, , : . ‘ 
oa “Wertisement. The fact that Hoover Balls and Bearings are in use today in Cranes and Hoists 
eerig Practically every type of equipment serving on the battle-fronts and at home Tdnaleiins onl Shinai 
jssi00 Hy) - ; ' . , : 
as hind the lines, is our most effective advertisement on Hoover quality and 
rfom- mm ; ; Bomb Fuses 
Other cependability, Hoover products are eloquently speaking for themselves in 
dition Hi hundreds of munitions of war, a few of which are listed at the right. Anti-Aircraft Guns 
$. 
“arbor 
sami 
om * 
reated 
anizi- And hundreds of other 
mal r equally important 
he Th ARISTOCRAT OF BEARINGS . applications. 
eae Balls « Ball Bearings = Roller Bearings 
com 
SI, of 





i HOOVER BALL & BEARING CO., Ann ArBor, MicuHIGAn 
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has become obvious that chemistry alone will Not suffice: 


Du AL PURPOSE Pu Ne PS sae | the small amounts of special elements remaining from the 


additive treatment are difficult to determine accurately 


2 SYSTEMS from ONE U NIT and their presence does not necessarily Guarantee that 


the desired effect has been obtained. It is now apparent 








Br own & Sharpe Design Simplifies such Adaptions that hardenability and possibly mechanical properties wil 
A single unit which serves two functions is an be required -” addition to chemistry. 
essential requirement for many installations. Tentative specifications, including chemistry, minimyy Ca 
Pump below delivers approximately 37 gals. hardenability and a merit index based on tensile strength 
per min. at 35 Ibs. pressure for each of the and reduction of area, have been formulated and are noy, ¢ 
lubricating and scavenging systems of a receiving serious consideration. The merit index, referred 0 
oe — ae — re mehr to as the “P value”, is used to evaluate the tensile proper Fs com 
ine sent upon request. Brow ‘ ; ; , ; Aco 
Co., Providence, R. I, U.S.A. ties. It is obtained from the following formula: fiffeul 
T+6R his driv 
GEARED — VANE — CENTRIFUGAL — MOTOR DRIVEN P= caused 
uickly 
where P = merit index or “P value”, T= (tensile ied 


strength, psi) /1000, and R = reduction of area, per} thus br 
cent. A P value of 100 is considered to be a fair averace | A V-Be 
for alloy steels fully quenched in light sections and drawn | must be 
at 900 to 1100 degrees Fahr. Higher P values denote affects 
superior and lower P values inferior tensile properties, By normial 





specifying a minimum tensile strength and a minimum P the ma 
value the relationship between strength and ductility js i a 
thus expressed by a single- number. cord, h 
beltlife 

Specifying by Hardenability all V-B 

tion is 


BROWN & SHARPE 
PUMPS 


Hardenability is expressed by means of a code or index} The ser 
as explained under “Methods of Hardenability Testing’ | Engine 
in the SAE Handbook. Thus, the terms “Hardenability } in solvi 
J-50”, or merely “J-50”, denote the point on the harden- -" “ee 
ability curve at which the hardness is rockwell C 50. If Fhe . 
the distance of this point from the quenched end of the “mgm | 


FABRICATORS OF bar is, for example, 8/16-inch, then the value for J-50 is 8. 
PLATE AND SHEET STEEL The reference points or J-numbers used here for different 











carbon contents are J-40 for .20 carbon, J-45 for .30 car- 
nae bon and J-50 for .40 and .45 carbon. These are purely 

a _ a arbitrary values which have been found to work satis 
factorily. They are approximately 10 points rockwell C 
below the maximum quenched hardness for each carbon 
content.—From a paper by R. B. Schenck, chief metalur 
gist, Buick Motor Division, presented at the recent Nation- 
al Tractor Meeting of the Society of Automotive Engineers 





Simplification and Standardization 


IMPLIFICATION as we conceive it may be define 
S as the elimination of those items, types, sizes ® 
colors of products which do not serve the war effort Hy 
fact, many of which do not serve any economical oe 
pose. In most instances they are a positive hindrance 
the flow of essential products to the armed services # 
to civilians. To make simplification effective, 4 a 
amount of standardization is usually necessary. wal 
is only a single element in a product that must ti 
ardized in order to achieve the necessary degree 
plification. Another important role played by st en 
is to provide for interchangeability, particule © 
bat equipment.—From a paper by Howard sented 
Chairman of the Conservation Division, W.P.B., a Engi 
at the recent joint meeting of the A.S.M E. and t 
neering Institute of Canada. 
















No matter how large or small 
the product may be, Littleford 
can fabricate it to specifica- 
tions. Skilled workmen and 63 
years experience fabricating 
plate and sheet steel are your 
assurance of quality products. 
Send blueprints for estimate 
and delivery 









LITTLEFORD BROS., INC. 


MORE BONDS 424 E. Pearl St., Cincinnati, Ohio 
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Can You Control the Stretch 
of V-Belts ? 


Acompressor manufacturer was having considerable 
difficulty because of excessive slippage of V-Belts on 
his drives. Too much stretch in the V-Belts not only 
caused the slippage, but wore out the belts very 

ickly. Gilmer Engineers were called in and they 
Ridieed a process to “normalize”* the cords... 
thus bringing stretch under control. 


A V-Belt must have some stretch...a certain amount 
must be retained to prevent a brittle condition which 
affects tensile strength. That’s why Gilmer uses 
normalized cords in V -Belts. Stretch is worked out of 
the cord in such a manner that it will neither shrink 
nor stretch. This gentle “working” 

does not injure the strands of the 

cord, but rather, insures long 

belt-life from less slippage. On 

all V-Belts, such efficient opera- 

tion is vital . . . and economical. 


The services of Gilmer Design 
Engineers are always available 
in solving belt problems. Write 
for Gilmer’s Belt Catalogues. 
Don’t hesitate to ask for help on 
design problems. 


—_————— 


bk 


L.H. GILMER COMPANY BELTS 


TACONY, PHILADELPHIA 35, PENNA. 
The Oldest Firm of Rubber Fabric Belt Specialists 


V-Belts (F.H.P. & Multiple) Flat Belts Round Endless Belts High Speed Belts 
Fabric Belts Planer Belts Special Endless Belts 
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KENNAMETAL, the superior 
carbide tool material for machin- 
ing steels, is now being specified 
by many designing engineers for 
use as inserts or parts that are sub- 
jected to extreme friction, erosion 


— or abrasion. Various applications 
are herewith illustrated. 
Because of its greater hardness, 
second only to the diamond, KEN- 
NAMETAL has 100 to 250 times 


the wear resistance of hardened 
steels. 


KENNAMETAL Balls and Valve 
Seats are efficiently employed by 
pump manufacturers. Due to their 
unusual resistance to wear, KEN- 
NAMETAL Valves and Seats are 
being used in oil well check valves 
and flow regulators, and in the 
hydrogenation of coal. 


Follow-Up Rests with KENNA- 
METAL inserts have proved to be 
exceedingly efficient because of 
their resistance to friction. KEN- 
NAMETAL inserts (see illustra- 
tions), are also being employed in 
grinding table construction and as 
band saw guides. 


KENNAMETAL can be molded 
into various sizes and shapes to 
within one per cent of linear di- 
mensions by processes of powder 
Grinding Table Insert metallurgy. Possibly there are 
many applications where you can 
profitably enlist the superior wear 
resistance of KENNAMETAL. 


The new KENNAMETAL Cata- 
jlog 43-C will be mailed to you 
upon request. 


Band Saw Guides | 


Pump Valves 


Valves 


Follow-Up Rest 








KENNAMETAL “xe. 


146 LLOYD AVE., LATROBE, PA. 


Foreign Sales: U. S. STEEL EXPORT CO., 30 Church St, New York 
(Exclusive of Canads and Great Britain) 
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Spiral Springs 


(Continued from Page 132) 


1 l 
roms f [Pints)+m.—Rx] (r2+y)ds 
0 


If the center line of the spring is taken in the form of a 
spiral, Equations 27, 29 and 31 may be integrated over 
the total length J. This gives three simultaneous equa- 
tions in P, M, and R from which these latter quantities 
may be found. Knowing these, the bending moment 4 
at any point may be found from Equation 26, By dif. 
ferentiation the location of the maximum value of the 
moment along the spiral may be obtained and from this 
the actual value of the maximum moment Mn. If Mis 
the external moment (this is also the maximum moment 
for a spring with clamped ends and a large number of 
turns) the ratio M,,/M, between maximum moment and 
external moment may be considered as a stress concen- 
tration factor. Values of this ratio M,,/M, plotted in Fig. 
6 as functions of the total spiral angle 6 for various values 
of the function A=(r,-1,)/r, have been obtained by 
Kroon and Davenport (4). (The value of 6 is taken a 
the angle swept out by the radius vector in traveling from 
one end of the spiral to the other). 

From Fig. 6 it is seen that the stress concentration effect 
due to a small number of turns is somewhat greater for 
the larger values of X. In addition the stress concentration 
values are smaller when the total coil angle @ is near 360 
or 720 degrees. This suggests that it is of advantage 
when designing spiral springs of this type to use a whole 
number of turns. From Fig. 6 it is also seen that as the 
total coil angle @ increases, the maximum values of the 
ratio M,,/M, also decrease, i.e., the stress concentration 
effect decreases. However, even for 61080 degrees 
(3 turns) and \=.6, the ratio M,,/M, is still equal toa: 
most 1.2 which means that maximum stress will still be 
almost 20 per cent higher than that given by Equation 
18, derived on the assumption of a large angle #. 


Spring Is Stiffer 


In addition it will be found that because of the smal 


| number of turns the spring is somewhat stiffer than would 


be expected on the basis of the simple formula (Equati 
17) derived for a large number of turns. The more # 
curate analysis (4) shows that the angular deflection at # 
moment M, is given by 


_1 Mi 


o- EI 


In this the factor 8 (which is greater than unity) ¢ 
pends on the total angle 6 of the spiral and on the ratid) 
Values of this factor are given in Fig. 7. Howeve® 
ratios ) between .4 and .6 and for more than two ee 
the spiral this factor differs from unity by about 4 el 
and hence may usually be neglected for por . 
poses, i.e., the usual formula (Equation 17) may i. r 
plied. However, from Fig. 7 it may be seen that a sap 
cent error is involved in the usual formula where A= 
for a spring with only one turn. 


: : ‘ate alons 
Values of the radial deflection at various points 
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1-A Pin Actuator 


Open Blade Switch 
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Y 


1-0 Overtravel Plunger 


© Better contact and higher oper- 
ating speed is assured with the 
patented rolling spring ACRO 
SNAP SWITCH. When we say 
BETTER CONTACT we definitely 
mean BETTER CONTACT with the 
same operating pressure. This 
minimizes contact burning and 
greatly lengthens switch life. 
Many types of ACRO SNAP- 
ACTION SWITCHES are used in 
aircraft and other vital war equip- 
ment where unfailing performance 
is essential. If you have not yet 
handled and studied the ACRO 
rolling spring SNAP-ACTION 
SWITCH an experience is await- 
ing you. 


IN WRITING, KINDLY EXPLAIN NATURE 
OF APPLICATION YOU CONTEMPLATE 


Midget Switch 


5-L Ribbed Leaf 


LACRO ELECTRIC COMPANY « 1311 superior AVE., CLEVELAND 14, OHIO 
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Your SLOW SPEED machines of from .08 r.p.m. 
and higher, 1/50 to 10 H.P., can be driven with- 
out using belts, pulleys, line shafts, chains, sprock- 
ets or slide rails, if you use one of the 47 types of 
Janette speed reducers. 


WRITE for our 100-Page Catalog TODAY 


Janette 
556-558 W Monroe St. 





LEE-BUILT SPRINGS 


— always dependable 


HE supplier needs a thousand eyes 
to foresee all customer demands-- 
the buyer needs but one, to spot a 
supplier having those thousand eyes. 


Ask About SCIE NI z= Spring Service 
Cc 


ke 
py? 


LEE SPRING CO., Inc. 


30 MAIN STREET :} tele). 4 4. Aa, ae @ 











the spiral are of interest since in general the desj 

should try to avoid having the coils touch during ich, 
tion. These quantities have been worked out (4) as fune 
tions of the angle along the spiral for various numbers of 
turns and for various values of the ratio ); the results are 
plotted in Fig. 8. The ordinates represent radial deflee. 
tion § divided by ¢r,. In this ¢ is the angular deflection 
of the spring due to the external moment while is the 
angle measured along the spiral from the outer end. By 
using these curves the necessary spacing between ¢gij 
may be worked out for springs with various numbers of 
turns. For further details the reader is referred to refer. 
ence (4). 


Stress Concentration in Thick Spring 


In the design of spiral springs where the thickness j 
fairly large, a further stress concentration enters due t 
the fact that the spring is, in effect, a curved bar. This 
stress concentration is usually small but may be deter- 
mined for a given thickness and radius of curvature by 
using curves given in a previous article for torsion 
springs (5) 

The curves of Figs. 6 and 7 apply only to spiral spring 
with clamped outer ends. Where the outer end is pin 
connected, an analysis may be carried out using simila 
methods, and more exact expressions for deflection ani 
stress obtained. These expressions are rather cumber- 
some and for further details the reader is referred to the 
publication by Gross and Lehr (6). 


Allowance for Fatigue Stresses 


Calculated working stresses in spiral springs may mm 
as high as 175000 to 250000 pounds per square inch or 
more where fatigue conditions are not a factor. For e- 
ample, an ordinary clock spring during its life may k 
subject to less than 5000 cycles and hence may be stressed 
much higher than would be the case where millions 
cycles are involved. Where fatigue conditions are preset! 
(as for example in the spiral spring for the balance wheel 
of a watch) the stress range should be kept well below 
the endurance range of the material, stress concentratit 
conditions at the clamped edges being considered. Some 
data on endurance ranges in bending for spring mitt 
rials are given in the writer’s article (7). 


Turns Delivered By Wound Spring 


In cases where individual coils touch each other, as fo 
example in the mainspring of a watch or the power = 
of a phonograph, the spring is usually placed inside a nos 
low case as indicated in Fig. 9. Here the spring shows 
wound up on the arbor. When the spring is a “ 
rests against the inside of the case as indicated in Fig. : 

The number of turns delivered by such a spring ™ 
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be estimated approximately as follows (8). If | s ‘4 
length of spring strip and h is the thickness, the to % 
tional area of the wound spring will be lh. But _ 
9 this is also equal to (2/4) (d,” - d,?) assuming rite 
coils are wound tightly so that adjacent turns tou “et 
neglecting the turns connecting the wound part wi 
case. Thus, 
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Architect Marcel Breuer, now professor in Harvard's 
department of architecture, trained, then taught at the 
fomed Bauhaus. To his credit are the first tubular steel 
doirs and some of the best examples of contemporary 
qthitecture ond industrial design here and in Europe. 


Interior partitions might be omitted, 
completed later. As family grows, a 
second complete unit might be added. 
Actually this house allows greater flexi- 
bility than conventional custom building. 





With its narrow foundations, two-way 
cantilevered form and plywood skin, 
Plas-2-Point” house is reminiscent of 
modern aircraft. Six-room house for | 
cold climate would weigh 3 to 4 tons. 


5 


OO ED GP GED Gee eee eee 


CONNECTORS 


FROM WARTIME PLASTICS-BONDED PLYWOODS. .. 
THIS “PLAS-2-POINT HOUSE” FOR POSTWAR LIVING 


Harvarp’s Marcel Breuer has pondered 
the skeleton of a modern bomber. . . probed 
the possibilities of war-born, new plastics- 
bonded plywoods . . . and produced this 
interesting and original design for postwar 
prefabrication which he has christened the 
**Plas-2-Point House.” 

“Compared with current prefabricated 
construction,” Mr. Breuer estimates, “‘the 
Plas-2-Point House would weigh a third as 
much, cost only 70% as much and, knocked 
down for shipment, would occupy only 30 
to 40% as much packing space. Even fully 
assembled houses could be trucked short 
distances from central assembly lines to indi- 
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2 SUPPORTING 
POSTS ONLY 











ROOF AND FLOOR TRUSSES 
CANTILEVERED FROM CENTRAL 
PLYWOOD GIRDERS 





trusses. Supporting posts at either end tie 
girders together and carry roof load. Two 
foundation blocks, four feet by eight inches, 
° provide anchorage. Outside walls serve as 
tension members and give structure rigidity. 


« 


ee ly EN LL 


*, 
«, 
<a % ‘. 
SN 
W %e "%, 
< . 
Oy 
Uys 
Roof and floor each rests on a central ply- 
wood girder and seven plywood cross 


vidual building sites, then quickly anchored 
to foundation blocks.” 

Since neither walls nor partitions are load- 
bearing, the “‘Plas-2-Point House’”’ is highly 
flexible. Exterior wall panels might be heavily 
insulated for cold climates or simply a series 
of screens for the tropics. They might be built 
up from Resinox-bonded plywood with a 
durable, colorful, weather-resistant melamine 
surface—or even from paper or fabrics im- 
pregnated with Resinox and melamine resins. 

To save weight, gain production econo- 
mies and add new notes of color and style, 
many of the house’s fittings and accessories 
would probably be molded from plastics. 






WALL PANEL 

NON SUPPORTING 
ACTS ONLY AS 
TENSION MEMBER 


2 FOUNDATION BLOCKS ONLY 





The Broad 
ond Versatile Family . 
of Monsanto Plastics 


ant names designate Monsanto's 
usive formulations of these 
i¢ plastic materials) 


enon (polystyrene) » SAFLEX 
Setal) - NITRON (cellulose 
* FIBESTOS (cellulose ace- 


RESINOX (phenolic compounds) 
Ss + Rods + Tubes « Molding 


* Castings - Vuepak Rigid 
T'emparent Packaging Materials 
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* OPALON (cast phenolic resin) , 








PLASTICS 


SERVING INDUSTRY...WHICH SERVES MANKIND 








FOR FACTS ON POSTWAR PLASTICS... 


For facts on postwar plastics and ideas on what they may be 
able to contribute to your particular products — see the 24- 
page booklet prepared for product designers, *‘The Family 
of Monsanto Plastics.’”” There’you will find information on 
significant new wartime advances in plastics materials and 
fabricating techniques, such as the new, rubber-like Saflex 
compounds, pulp molding and low-pressure bag molding. 
You will also find charts of comparative properties, graphs 
and photographs describing the complete family of Mon- 
santo Plastics, probably the broadest, most versatile group 
of plastics offered by any one manufacturer. For your copy, 
simply write: MONSANTO CHEMICAL COMPANY, Plastics 
Division, Springfield, Massachusetts. 
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Solving this for d.,, 







Also assuming that adjacent coils touch, the number of 
turns n becomes 







Substituting the value of d, given by Equation 33 the 
expression for n becomes 








4 
—lh+d; —d, 
Tv 
n= 
2h 





It should be noted that if the spring is oiled, adjacent 
turns will be separated by the thickness of the oil film and 
this will introduce some error in the equation. 

Considering the condition when the spring is unwound 
as indicated in Fig. 10, if n’ be the number of turns of the 
unwound spring, and again neglecting the turns connect 
ing the inside of the wound portion with the arbor, 












@ When the pressure is on for 
production of a vitally needed war 















product ...and a shortage of con- iis D,—D, (36) 
ventional materials blocks progress ee as ae 
. .. FELT in one of the many forms 

developed by Western may provide Also, as before, since the area of the wound portion must 
the answer. be equal to hl 
























Particularly is this true where the 
job demands insulation, resiliency, 
sound deadening, flexibility, com- hl=—(D:?— D,?) Die rr en a, 37 
pressibility, resistance to water and 40 
many other properties of rubber. 





On any problem involving the use From this 
of felt . . . or the substitution of this NVR 
material for another. . . draw freely Re” WS 
on the extensive background of Dime BO ois soiceisiere Sie re bees oa (38 
Tv 


Western Felt’s 42 years’ experi- 


ence in fabricating felt to close 
specifications. Substituting Equation 38 in 36 


WESTERN FELT WORKS -_ 
Chicago, Ill.: 4035-4117 Ogden Ave. 4 
Detroit, Mich.: 420 Stephenson Bidg. D.-\ — —hl 

vis 
ay 2h 
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Branch Offices in All Principal Cities n’ 





The total number of turns N delivered by the spring ™ 
unwinding from the wound position of Fig. 9 to the ut- 
wound portion of Fig. 10 will be the difference betwee 
n and n’. Hence the number of turns delivered becomes: 





The Acadia Synthetic Division of 
Western Felt are processors of 


—— > 
.Y 4 h+-d2+ | D2 ——lh —(D:+4d:) 
us T F 
















Plastics (Sheets, Extrusions, Tub- \ 40 
ings, Molded Parts) and Synthetic i N= —_ | 
Rubber. Write for information. : a ii Qh 
t of the sping 





Since the turns connecting the wound par 
derivation 


| with the arbor or case are neglected in this a pei 
results given by Equation 39 are somewhat we he mo 
. N sho 
Largest Independent Manufacturers and a _— accurate results, the value of unity Values 
Cutters of Hair, Woel and Jute Felts tiplied with a correction factor k less than : 
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Norma-Hoffmann Precision Bearings Help Supply | 


‘THE BREATH of LIFE” for ENGINES 
AT tm aie 


: & 
. SUB-STRATOSPHERE 
‘x HEIGHTS 


" 


What his oxygen supply is to the high-altitude flyer, the 
supercharger is to his engine. Failure of either is fatal. To- 
gether, they make possible the high-altitude fighter planes 
and bombers that are playing so conspicuous a part in to- 
day’s warfare. 

In the use of anti-friction bearings in superchargers, as in so 

5 0 many other aviation applications, NORMA-HOFFMANN pio- 
RMA-AVFF MAN neered the way. The terrific speeds of supercharger operation 
—often as high as 60,000 RPM—demand that ULTRA- 

P REC l $10 N B EARI N GS PRECISION long characteristic of NORMA-HOFFMANN BEAR- 
BALL, ROLLER AND THRUST INGS. And today, not only in superchargers but elsewhere at 
vital points throughout the plane, NORMA-HOFFMANN 

PRECISION BEARINGS are doing their part in winning air 

supremacy for the Allied Air Forces in every theatre of war. 

‘“‘Where the bearings MUST NOT fail’’—in engines, control 
mechanisms, instruments, armament, radio equipment and 
other aircraft accessories—they are providing that combina- 
tion of speedability, load capacity and dependability so vital 
to the unfailing performance of the plane. 


Let our engineers work with you. 


NORMA-HOFFMANN BEARINGS CORP'N, STAMFORD, CONN. . . . FOUNDED 1911 


ee bie? a" 
TO WIN THE WAR — Work — Fight — Buy War Bonds! 
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—— a UP TO 
3 TO 1 RATIO 





Available 
in V-Belt and 
Wide V-Belt 


Speed changed at will WITHOUT STOPPING 





Maximum Speed Position. Motor Minimum Speed Position. Motor 
close to driven sheave. Pulley away from driven sheave. Pulley 
at largest pitch diameter. open to smallest pitch diameter. 


HY shackle the machines you design by limiting them to one 
speed? Design them to have infinitely Variable Speed (up 
to 3 to 1 ratio), by equipping them with inexpensive IDEAL Variable 
Speed. Requires no change in Basic Design. Makes machines more 
desirable because they are more easily adaptable to different jobs, 
operators, materials. 
Special IDEAL Variable Speed Advantages: Minimum overhang to 
belt center line—curved pulley faces assure full belt contact at all 
- driving diameters—easy to install—belt 
center line fixed. 


FREE.... 


TRANSMISSION HANDBOOK 


Get this 52-page book filled with new 
Transmission ideas—detailed data on 
Variable Speed Control Equipment— 
technical engineering information—ap- 
plications—how installed. Send for 
your copy today. 


IDEAL S 


* IDEAL COMMUTATOR DRESSER CO 
1059 Park Avenue Sycamore, Iinois 
Sales Offices in All Principal Cities 
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of this correction factor are dependent on the ratio m of 
drum area minus arbor area divided by spring area where 





+ (Di—d:) 


m= 


Values of k for various values of m as suggested by Wal- 
lace Barnes Co. (6) are given in the accompanying table, 


Values of k for Various Values of m 


.672 -702 789 .796 & 


5 





It is seen that for values of m between 5 and 1.5 a re. 
duction in number of turns below that calculated fron Pa 
Equation 40 of from 15 to 33 per cent may be expected, 


Large Arbor Reduces Stresses 


To avoid excessive stress concentration due to curv 
ture effects, the arbor diameter is usually made around ]5 
to 25 times the strip thickness. 





EXAMPLE: A spiral spring is wound from a strip 4% 
inch wide, .015-inch thick and 100 inches long. The Pat 
arbor diameter is %4-inch and the inner diameter of the 
case 2% inches. The problem is to find the number of 
turns delivered from the solid to the free condition. Thus 
h=.015, I=100, D, = 2.25, d,=.875. 

From Equation 41 





qi(2.25)— (.375)?] 


= = 2.58 
sas 015X100 











From the table, by interpolation for m= 2.58, k=.76. 

Using the given values of h, 1, D, and d, in Equatio 
40 the calculated value of N becomes 19.6 turns. This 
must be multiplied by the correction factor k=.76 which 
yields a value 19.6 .76—=14.9 turns for the number 0 
turns delivered. 

Where a spiral spring has a large number of tums the 
equations for calculating stress and deflection become 
simple provided the coils do not come in contact during 
deflection. Where the number of turns is small and the 
outer end is clamped the peak moment and deflection 
may be calculated by means of the curves given. 

Where the spring is wound tightly, as in the case of 
the mainspring of a watch, the relatively simple expr 
sions given facilitate calculation of the turns delivered. 
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RE PARTS A PROBLEM? 


Couscder BRAKE SHOE ae @ Source 








Equipment for Garages 





Parts in metals, 
metal alloys and com 
position. 
Parts that are cast, 
upset, drop forged and 
m yided. 








Industrial Pumps 













Parts for Heat Treating 


Whether your “pun 
ished part” problem 
( isting 


forgings, BRAKE SHOE 








ENLIST yo lollar 

for Victory Buy 
more WAR BONDS 
today. 


Parts’ for Machinery Parts for Shells 











American Brake SHoe Company, 230 Park Ave., New York 17, N. Y. 


Brake Shoe 





Product i 
ucts for Welding 58 PLANTS SERVING INDUSTRY AND TRANSPORTATION 








American Brakeblok Division .......-.- Detroit, Mich. 
Ramapo Ajax Division .......-+-- New York, N. Y. 
American Manganese Steel Division Chicago Heights, Ill. 
Brake Shoe & Castings Division . . ... New York, N. Y. 





i a Kellogg Division .....---+-++++> Rochester, N. Y. 

$ x, American Forge Division. ........-- Chicago, Ill. 
Z —® Southern Wheel Division .......-.- New York, N. Y. 
National Bearing Metals Corp........- St. Louis, Mo. 





| Parts for’ Aircraft Engines 
_ ae 














Parts for Tanks 
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Hyster Lift Truck 
Transmission 





Mor inn 





| Se GEARS and bearings are especially vulner- 
able to damage from abrasive iron and steel particles in the 
lubricant.. That is why Willamette Hyster Company now uses 
Lisle Magnetic Drain Plugs in the transmission of their famous 
Space Saver Lift Trucks. @ The Lisle Plug catches and holds 
any abrasive metal circulating in the lubricant and thus 
greatly reduces the danger of excessive wear. @ Send for com- 
plete details and free sample offer. 


(MFA —LISLE CORPORATION, Box 1003, Clarinda, lowa 
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| respective “P” or “S” group numbers. 


Does Your Numbering System 
Need Revamping? 


(Continued from Page 116) 


“N” or “B” depending on whether the parts were made 
of cast iron or cast brass. 

In many instances parts are used interchangeably on 
numerous instruments, in which case there is no immedi- 
ate need for an indication of the instrument on which 
such parts are-used. In other cases where parts are used 
mainly on a specific instrument, it is often of advantage to 
know the instrument on which they are used. This fy. 
cility is easily provided when desired by prefixing the 
part or subassembly number with the key number of the 
instrument, such as 36R, taken from its catalog number, 
The part or subassembly number proper is not basically 
changed in any respect by the addition of the key num- 
ber prefix since it still represents the same part or sub- 
assembly regardless of the presence or absence of the pre. 
fix. Furthermore a part which carries the prefix of a given 
instrument is not restricted for exclusive use on that in- 
strument. If such a part, carrying a prefix, is later desired 
for use on another instrument, it may readily be so used, 
the prefix being retained, thus indicating the first use, orit 
may be removed by change if more appropriate. 


Examples Show Use of Prefixes 


Some parts used on numerous instruments in the 
same group such as industrial thermometers but not used 
on instruments of other groups may to advantage cary 
as a prefix the first letter symbol of the group such a 
“FE”, omitting the preceding numerals. Such a part would 
at once be recognized as being used throughout the in- 
dustrial thermometer line. Examples of part and sub- 
assembly numbers with prefixes indicating the instruments 
or groups on which they are used are outlined as follows 


36R15P37Y Spider for Self-Acting Controller (Casting) 
36R15P37 Spider for Self-Acting Controller (Machined) 
7R2P181 Case for Type P Controller 

E2P144A _ Black Case for 9-inch Industrial Thermomete' 


Tracings of all parts and subassemblies are filea dy the 
Reference books 
containing prints of parts and subassemblies in each “P 
and “S” group are maintained. If it is desired to locate 
a certain instrument case it is only necessary to look 
the “2P” book. In similar manner, if a designer requ 
a link he can at once review all of the existing links b 
looking through the “13P” group, Fig. 1, and thus od 
haps use one already in stock rather than design > 
one that might be only slightly different. Great a ” 
tage accrues from this feature, both in convenience a 
actual saving. 

It is true that good judgment must be u 
parts as they are designed so that they ma a 
to appropriate classifications. This is equally true 0 4 
assemblies. New numbers as they are assigned apt 
viewed by designated men who from a 
training have a thorough knowledge of the theor) 


sed in naming 
y be assigned 
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=WAGNER PRODUCTS SPEED VICTORY 


HOROUGH INSULATION 


IS ONLY ONE OF THE MANY REASONS WHY 


‘ 








Stay ou the ol! 


All Wagner motors are built to exacting specifications, and 
embody characteristics and features that give them long life, 
dependability and added protection against failure. Wagner 
engineers will not compromise on ‘“‘gdod enough” insulation 
— all windings must be thoroughly insulated. This is only 
one of the many reasons why Wagner motors stay on the job. 
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WRITE FOR COMPLETE INFORMATION 


Complete information on Wagner motors will be sent upon request. Wagner 
8 @ nation-wide organization with branches in twenty-nine principal cities. 
Each branch office is manned by trained field engineers ready to help you 
Solve your motor-drive problems. 


WagnerElectric Orporation 


ESTABLISHED 169! 


ub- 

Te- 

and 6404 Plymouth Avenue, St. Louis, 14, Mo., U.S.A. 
and ELECTRICAL AND AUTOMOTIVE PRODUCTS 
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COOLANT PUMPS 


A copious flow of coolant”saves your 
tools and speeds production. Gusher 
Vertical Centrifugal Coolant Pumps 
are dependable and efficient. They 
handle chips and grit. Other out- 
standing advantages. There’s a type 
and model for your needs. Write. 





Model 9040 equipped with integral flange bracket for- 
reservoir cover or bed-plate mounting. Designed for in- 
stallation interchangeability with Gusher Model 1-P3. Avail- 
able in any current characteristics, including 25 cycle, 1, 2, 
or 3 phase. Totally enclosed 44 h.p. motor. Two lengths 
(from flange) 6y,'' and 8;,"'". Available in 4" or %" pipe 
size discharge. 


i THE RUTHMAN MACHINERY CO. 
1811 READING ROAD CINCINNATI, OHIO 
LARGEST EXCLUSIVE BUILDERS OF COOLANT PUMPS 





PRECISION CUT 
Any Matenal-Any Quantity 


Our large modern plant.is ready to serve you 
whether you need a single gear or a produc- 
tion run. We have the facilities and the 
equipment for fast, accurate, low cost pro- 
duction. We also produce generated tooth 
racks in any desired length, from 4 to 16 
diametral pitch; .* 
14% or 20° 

teeth. Precision 

SurfaceGrinding. 
Sprockets for 

Roller Chain. 

You’ll find it ad- 
vantageous to 
entrust your 
work to us. 

ASK for ESTIMATES 






























INDUSTRIAL GEAR MFG. CO. 


4529 VAN BUREN STREET CHICAGO 24 ILLINOIS - 
















purpose of the plan as well as an active interest in main. 
taining it at its best efficiency. It requires little Zuidance 
and is used constantly and fluently by newcomers after 
short training as well as by those of long experience. The 
ease with which a new employe becomes actively familiar 
with the operation of the system is of particular advan 
tage, especially in times of exceptional industrial activity 
as at present. 











Subassembly Numbers Serve for Accessories 







Accessory Numsers: For those sales items which ap 
regarded as auxiliary or accessory products such as Telays, 
reducing valves, air filters, etc., as distinguished from 
principal instruments like recorders and controllers, the 
subassembly numbers constitute the catalog number, 
Many such accessory items are either sold separately or 
assembled into other products. It can be seen that it 
would be impractical and unnecessary to establish a sep- 
arate catalog number when such product is already com- 
pletely identified by the subassembly number which can 
at once serve both purposes. Examples of such acces 
sory numbers are: 
























418336 Booster Relay Air Valve 
748187 Electro-Pneumatic Pilot Valve 
R89S17 Air Filter 






SERIAL NuMBERS: Certain types of product are serially 
numbered to provide reference information such as date 
of manufacture, details of construction, etc., which 
essential for identification in case of repairs or service. 
The key number of the catalog number again plays a 
useful part in that it, with the actuation letter followed 
by a consecutive number, comprises the serial number. 
It is at once evident that the serial number thus prompt 
ly provides a knowledge of the type of instrument to which 
it applies by its direct relation to the catalog number 
Serial numbers never conflict with catalog numbers since 
the numerals following the letters either start above of 
are of a greater number of digits than those of catalog 
numbers. Examples of serial numbers are: 















76JM5029 Mercury Recording Thermometer 
120RV1421 Vapor Recording Controller 
47KM632 Mercury 6-inch Dial Thermometer 






It has been the purpose of this discussion to explain 
in simple and direct manner the nature and use of the 
unified number plan. While the treatment has not beet 
exhaustive, it has been the endeavor to cover the pril- 











cipal points in the hope that design executives will find THI 

therein fruitful ideas which can be applied in their 0” 

organizations. Liste 
MANGANESE CONTENT of three NE steels has “ 

slightly changed, according to a recent announcement ”) P| 





the American Iron and Steel Institute. For NE-S26) 
NE-9261 and NE-9262 the manganese content ae 
.70-1.00, instead of .75-1.00 as formerly. Latest “a 
NE steels appears in MACHINE Desicn’s Directory $1 


terials in the October, 1943 issue, Pages 186 
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LOCKING SECURITY:: 


WASHERS 


THE WASHER THAT HAS THE EDGE 


listed on Government Ordnance Standard Prints BEAX 1-2-3-4-7-8 
Shown on- AN936 (Army-Navy Aeronautical Standard) 


OOFGOR 


PROMPT DELIVERY ON MOST SIZES 
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* %*& %& Here’s an X-ray view of an 
EverLOCK Washer at work. Its twenty 
wide chisel edges—forced into both the 
nut and the work by powerful spring 
tension—provide locking security that 
defies vibration, strain, expansion or 
contraction. This powerful flexing action 
on the full width of biting chisel edges is 
available only in EverLOCK Washers. 

EverLOCK Washers are as econom- 
ical to use as they are dependable in use. 
A half turn, or less, locks them securely. 
This permits important savings in assem- 
bly time .. . guards against stretching of 
bolts and screws and the distortion of 
threaded parts. 

Wire, phone or mail your orders today. 











Ever see a picture of a 


SHORT CIRCUIT? 


| 


TIME IN MILLI -SECONDS 


ae 


ARCING VOLTAGE 


CURRENT A 





Oscillogram taken on a 50 ampere breaker showing short circuit with 
6450 amperes rms flowing through the breaker which interrupted within 
% cycle on 120 V AC with a power factor of approximately 60%. This 
was the third operation on a circuit having a capacity of approximately 
8000 amperes rms. 





HEINEMANN 


MAGNETIC CIRCUIT BREAKERS 
Employ High Speed Blowout 


The staiionary contact is coiled around an insulated iron core 
which connects the steel plates forming a U-shaped magnet. 
On overloads and short circuits the current flowing through 
the contact creates magnetic lines which force the arc into the 
arcing chamber and blow it out. As the value of the current to 
be interrupted increases, the quenching effect becomes greater 
due to the intensified magnetic blowout field. 





Send for Catalog 40 showing complete line 


HEINEMANN CIRCUIT BREAKER CO. 


Subsidiary of Heinemann Electric Co. 
Est. 1888 


113 PLUM STREET TRENTON, N. J. 
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BUSINESS AND 
SALES BRIEFS 


LECTION of T. W. Pennington as vice president jn 
E, charge of sales of Jessop Steel Co., Washington, Pa, 
has been announced. Mr. Pennington has been with the com. 
pany since 1933, and prior to his appointment served as gen- 


eral sales manager of the company. 
. 










Transfer of Paul E. Floyd from Washington to his forme 
position as district manager in the Chicago branch office of 
the Allegheny Ludlum Steel Corp. has been effected, For 
more than a year Mr. Floyd has been connected with the iron 


and steel branch of the War Production Board. 
+ 








An addition to its present plant is being made by Peerless 
Electric Co., 1401 West Market street, Warren, 0., to i- 


crease its productive capacity. 
+ 







Previously connected with Timken Steel & Tube division, 
Fred H. Currie has been appointed manager of sales for the 
Pacific coast, Copperweld Steel Co., Warren, O. He wil 
handle the complete line for Copperweld, and will have his 


offices at 403 West Eighth street, Los Angeles. 
+ 








Former manager of the North Pacific district for Westing- 
house Electric & Mfg. Co., East Pittsburgh, Pa., David M. 
Salsbury has been appointed general manager of the Westing- 


house Electric Supply Co., New York. 
. 








Formerly representing the Brown Instrument Co., Phil 
delphia, in New York, Buffalo, Cleveland and Pittsburgh, 3 
branch manager, W. H. Steinkamp has been made assistant 


general sales manager of the company. 
+ 


With headquarters in New York, John Gordon Bell will 
represent Follansbee Steel Corp. as district sales manager for 
the metropolitan New York and New England areas. He for- 
merly had been connected with the Cleveland office of Jones 
& Laughlin Steel Corp. 
















+ 
Owen L. Holland has been appointed Chicago district sed 
ager, welding division, Metal & Thermit Corp., New York. 
He previously had been associated with Hollup Corp. as 8 
eral sales manager and with the WPB as chief of the welding, 


electroplating and equipment branch. 
+ 


New offices of the Bardco Mfg. & Sales Co., in Washington, 
D. C., have been opened. Under the supervision of James > 
Goodwillie, sales engineer, the office is located at 606 Bar 
Building. 










o 





' er Ine, 
Announcement has been made by Cutler-Hamm 


Milwaukee, of the appointment of W. E. Addicks re ks for 
of the company’s New York district office. Mr. Addic 


merly was in charge of the Boston sales office. 
* 







for Lukess 
il] act m# 





In his new position as special mill representative 
Steel Co. and its subsidiaries, D. Earl McElroy w 
liaison capacity between the Lukens companies 
Hansen & Co., Pacific coast sales representatives, 
at 423-424 Russ building, 235 Montgomery street, 





San Frat 
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The host of spring shapes made at B-G-R would keep the 
hardest-bitten ‘‘doodler” happy for life. Yet every bend or 
twist has a definite function—or it wouldn’t be there! 
B-G-R spring engineers are ‘‘doers”’ not ‘‘doodlers”—when 
it comes to spring design. They are interested in making 
every spring perform a job--in the most efficient way. Even 
the simplest spring design muy require the — ms 
services of every department at B-G-R—from 4 
laboratory—to tool room—to machine—to ; 
heat-treating—to inspection. B-G-R’s answer 
to spring complexities is—simplification. It 
saves time—materials—and tempers. Get the 4 
benefit of B-G-R spring skill today. 














Send for our 
interesting new 


Catalog No. 1 


just off the Press 


CENTERBROOK 














cisco 4; 628 Security building, 530 West Sixth Street, Lo 
Angeles 14; and 6115-16-17 Arcade building, 1319 Saout 
avenue, Seattle 1. 
+ 

Connected with the foundry industry for many years, C, A 
Hartman has joined the metallurgical and engineering iii vw 
staff of the Meehanite Metal Corp., Pershing building, New 
Rochelle, N. Y. 





r 

Offices in Cleveland on the twenty-third floor of Termin 
Tower building, have been opened by Dow Chemical Co, t 
serve Cleveland, Pittsburgh, Buffalo, Toledo, Cincinnati, Day. 
ton, Columbus, Akron and Detroit. D. T. Wellman, formerly 
of the sales department at Midland, Mich., will head the 


Cleveland office. 
ry 


With the company since 1932 as vice president and gals 
manager, James J. Nelson has been appointed general manager 
of Cramp Brass & Iron Foundries division of Baldwin Loco- 


motive Works, Philadelphia. 
+ 


Completion of a new plant to make centrifugally-cast alloy 
castings for aircraft and other machines has been announced 
by The Cooper Alloy Foundry Co., Hillside, N. J. The new 
plant has approximately 17,000 square feet of floor space which 
increases the company’s ability to make castings by the vertical 
centrifugal-casting method, making possible substitution of 
alloy castings for forgings, etc. 

+ 





Appointment has been announced by Trico Fuse Mfg. Co, B 
Milwaukee, of the Southeast Engineering Co., 2065 Post street, a 
Jacksonville 1, Fla., as representatives for the complete line of f 
oilers, fuses, clamps for fuse clips, etc., in the states of Florida, pa 
Georgia and Alabama. The line will be represented under wel 
the supervision of Frank Gillooly. 

: wa: 

In charge of advertising and sales promotion for Lukens 

Steel Co. and subsidiaries since 1935, George M. Gillen has wel 


been appointed assistant manager of the combined sales o = 
Lukens and its subsidiaries. In his new capacity Mr. Gille th 
will be concerned with the coordination of the sales depart: 
ments and sales programs of the By-Products Steel Corp. and I 
Lukenweld Inc., in addition to Lukens Steel Co. 

¢ ma 


All business departments of Clarostat Mfg. Co. Inc., hereto 1 | 
fore spread out in three plants are being consolidated at is pla 
new general offices located at 130 Clinton street, Brooklyn 
Recent expansion has necessitated larger quarters for the com equ 


pany’s offices. . tio: 

Change in name of the Pump Engineering Service om tod 
11610 Euclid avenue, Cleveland, has been made — : 
Products Co. Present personnel and the firm’s affiliation ee 1 
Borg-Warner, the parent company, will remain the “ee 
was explained that PESCO is the tradename used for ‘ 
pumps and accessories manufactured by the company, °° 


ers 
is better known and more widely used within the industry. on d 
r) 


Judson P. Bowen has recently joined Penn Electric aon an d 
Co., Goshen, Ind., as manager of the company’s Atlanta oo 
located at 36 Fifth street, Northwest. He succeeds N. E: ~ 

nison who has been transferred to the factory to assume 9 

duties in the research laboratory. U | 


« 





At 135 Cedar street, New York, will be the new — 618 
ters of The Metallizing Co. of America, for its sales aot 
ice operations in that area. The building is 4 complete — 
ing unit with development and test laboratories, 
joi cue 1 
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Illustration 
shows the first 
“aviation” patent 
granted in 
1889 to one R. J. 
Spaulding by the 
U. S. Patent 
Office. 
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———— 


Back in 1889 when the first U. S. 
patents covering a flying machine 
were granted, machine building 
was a matter of cut and fit. There 
wete no production problems. 
There was no production. 


Modern-day requirements de- 
mand the ultimate in intelligent 
planning, designing, engineering, 
equipment facilities and produc- 
tion in order to compete in 
today’s markets. 


We offer engineers and design- 
ets unequalled service that is sec- 
ond to none for the reworking 
and low cost production of ma- 








chines and devices. 


Our experience of over forty 
years covers a broad range of 
manufacturing from close toler- 
ance precision aviation parts to 
giant 16-ton portable stone crush- 
ing plants. 


If you have a machine to mar- 
ket that requires the professional 
finishing touch, plus low cost 
manufacturing facilities, let our 
engineers discuss these problems 
with you. A re- 
quest for consul- 
tation implies no 
obligation. 





Awarded the Army-Navy 
“E” Flag for Proficiency 
in Prodution. 


UNIVERSAL ENGINEERING CORP. 


618 C Ave. West 


co, 


CEDAR RAPIDS, IOWA 








































. Because of their exclusive 
features Thomas Flexible Coup- 
lings are used on many of our 
nation's tools of war, as well as 
in the manufacturing of them. 
Since there are no wearing ‘parts 
backlash is eliminated and lubri- 
cation is unnecessary. 


NO BACKLASH 
NO WEAR 

NO LUBRICATION 
NO THRUST 

FREE END FLOAT 


No other type or make of 
coupling provides these features, 
essential to longer life and 
trouble-free service of 
valuable equipment. 





















For specifications on couplings for 
all standard purposes write (on your 
letterhead) for the new Thomas Cat- 
alog with complete engineering 
data. 


LIFETIME’’ 





“ aeley FO. 2ast a 





, THOMAS FLEXIBLE COUPLING CO. 


WARREN, PENNSYLVANIA 
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| for metallizing guns, equipment, parts and Wire, and general 
service departments. V. A. Cook will be in charge of eastem 
operations. The company also maintains general Offices a 
1330 West Congress street, Chicago, in addition to 99 stra- 
tegically located engineering sales offices. 
| ’ 
| Robert H. McCracken has been appointed manager of com. 
| bined sales of the Boston office of Lukens Steel Co. and it 
| subsidiaries, By-Products Steel Corp. and Lukenweld, Ine. 
Mr. McCracken, who formerly was associated with Central 
| Iron & Steel Co., will be located at 131 State street, Boston § 
+ 
Formerly director of physical metallurgy at Washington 
_ State college, Herluf Nielson has joined Kinney Aluminum (y, 
| Los Angeles, as chief metallurgist in charge of the technical 
department. 
+ 
Establishment of a sales research division to investigate new 
markets for Hercules Powder Co. has been announced, Dr. 
John H. Long will be in charge of the new division. 
+ 


With offices at 1526 South Olive street, Los Angeles, S. B. 
Kallenbaugh will act as West Coast district manager of the 
| Steel and Tubes division, Timken Roller Bearing Co., Canton, 
| O. Prior to his appointment Mr. Kallenbaugh was metallurgical 
representative for the company in Cleveland and Detroit, 
+ 

J. S. Wise has been appointed West Coast representative of 
the Aircraft Screw Products Co. Inc., L. I., N. Y., manufac- 
turer of the “Aero-Thread” screw thread system. His offices 
will be located in the Title Guarantee building, Los Angeles. 

+ 

Formerly district sales manager for The Air-Maze Corp, 
Cleveland, on the West Coast, Jules Gratiot has been appointed 
sales manager. 

+ 
Associated with Bliss & Laughlin Inc., for the past seven 
| years, J. Stanley McCord has been made sales manager ot 
| the eastern division of the company, with headquarters at 
Buffalo. Mr. McCord prior to his appointment was district 
manager of the Philadelphia office. John O. Hoover succeed: 

| him as district manager at this office. 

+ 

Another distributor has been added to those for The Freder- 

ick Post Co., Chicago. It is the 20th Century Blueprint Co, 
| 344 Bush street, San Francisco, which will handle the com- 
plete line of Post drafting materials, blueprint paper and kin- 
dred materials. 
. 

Appointment of Howard W. Bennett as manager of the 
specialty division of General Electric company’s electrons 
department has been announced. Mr. Bennett will be sacl 
sible for the engineering, manufacturing and sales operation 


of that division. 
® 


. comer Ault & 
Without change in management or personnel, the 


Wiborg Corp., a subsidiary of Interchemical pee 
became the Ault & Wiborg division of Interchemical Corp. 
° 


recent) 


j , : , ro artments 
Executive offices, sales, engineering, purchasing dep 


and technical laboratories of Advance Pressure ve 
| now are located at 894 Manhattan avenue, Brooklyn ainet 
plant remains at its old location at 34-48 North Fifteen | ale 
Brooklyn 22. Appointment of George A. Meyer as genet 
| manager of the company was recently announced. 
° 


Timken Roller Bearing Co. has announced th 
of Whitley B. Moore as director of sales for a 


S Inc 


he 


e appointmet! 
I divisions 


ember, 194 
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Egyptian's new U.S. Gov- 
erament “Spec” Book—4th 
Edition-js ready.It’s help- 
ful and it's FREE. Send for 
your Copy. Please address wW 
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Man, that’s a 
smooth prime coat... 





“SPEC” COATING 
With a Distinct Egyptian PLUS 


Every specification finish we make meets 
Government requirements to the letter 
... but that’s only one point. There’s 
a plus in an Egyptian “spec” finish, an 
extra value, which shows up in han- 


dling and in résults. 
e AXS 946 ° 


For example AXS 946, a rust inhibiting 


primer for a wide list of ordnance items... 


Brushed, sprayed or dipped, it covers 
bare metal with an extra-smooth, red- 
brown, corrosion-resistant coat which 
takes the final finish beautifully. Dries 
evenly and quickly. 

For your products today — and to- 
morrow — an Egyptian Finish offers 


important plus value. 
* * * 
Special correspondence on finishing problems is invited. 


LACQUER 


THE EGYPTIAN wmanuracturninsc (COMPANY 


ROCKEFELLER CENTER, NEW YORK 20, N.Y 


A wh. A 
Ww WwW bX 


Dept. D-11 


Ww Ww sh Ay 
‘ as Ww 






































DRILL JIG 


BUSHINGS 


ARE THE GUIDE TO 
PRECISION 
DRILLING 


* Here at Acme, we're busy day and night 
producing drill jig bushings and many other 
precision items... all labeled for “Uncle 
Sam”. And we'll keep right on doing this job 
for our country until victory is ours and peace 
comes to the world. 



































Manufacturers of peacetime products that 
require accurately drilled holes, are urged to 
standardize on ACME BUSHINGS to assure 
the low cost production necessary to meet 
price competition in the post-war era. 


ACME INDUSTRIAL CO. 


Makers of Light Wave Measuring Equipment 
Telephone: MONroe 4122 
211 N. Laflin St. Chicago, Ill. 





IF YOU HAVEA 


Originally developed for use in 
aviation, where loose fastenings 
can not be 7 in spite of © 


RATION P 


Greater re-usability in 
maintenance. 


. Proof against corrosive 
action of oil, water, or 
chemicals. 


severest vibration, Boots Self- 
Locking Nuts provide a simple 
solution wherever there is a 
fastening problem. Boots Nuts 3. Resistance to high tem- 
can’t work loose. perature. 


One-piece, all metal, Boots Boots Nuts meet the exacting 
have these important advan- specifications of all government 
tages over all other nuts: aviation agencies. 


There’s a BOOTS NUT for every application 








the company, including industrial, automotive, railroad, seryi 
sales, steel and tube, and rock bit. He is being succeeded 
his present position of general manager of sales of the Tig 
Steel and Tube division by C. H. McCollam. 


¢ 


Transfer of F. J. Walton from Chicago to Los Angele 
West. Coast representative has been announced by Rusty j [ 


Iron & Steel Corp. 
. 


Formerly assistant sales manager, Don Switzer has eg 
made sales manager of Federal Mogul service division, Fede 
Mogul Corp. 

ry 


Thomas W. Pettus, formerly sales manager of Nati 
Bearing Metals Corp., St. Louis, has been -advanced to yj 
president in charge of sales. 


+ 
A large extrusion plant for producing aluminum and m o 


nesium tubes, shapes and rods will be equipped and opens 
for DPC by Phelps Dodge Copper Corp. 
+ 


An announcement recently has been made by Sherwin-Wi 
liams Co., Cleveland—that of Dr. Robert F. Ruthruff as dine 
tor of research. Before joining Sherwin-Williams in 1989 
Ruthruff was associated with E. I. du Pont de Nemours & Cs, iY 3 ‘ef @] 
Standard Oil Co. of Indiana, Chicago, and M. W. Kellogi 
Co., New York. 
+ 


Thomas R. Coffee has been made manager of sales fort 
Wisconsin and Minnesota territories for Globe Steel Tubes 
Milwaukee. 
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Introductio 


MEETINGS AND 
EXPOSITIONS 


Characteris 
Compound 
Laminated 
Cast Plasti 
Plastic 
ign of 
Aitecting H 
ng...Cold 


Plastics... 


Nov. 8-9— e 
Society of the Plastics Industry. Fall meeting to be held at Waa 
Astoria hotel, New York. Additional information may be obtained i 
the society at 295 Madison avenue, New York 17. q 
= metallic 

stars and 
cams, Cou 


“gineering 


Nov. 10— 

Society of Automotive Engineers. National Meeting on Mater 
and Postwar, sponsored by the Passenger-Car Activity, and ‘ 
Bus Activity divisions in cooperation with the Cleveland section, ® 
held at Hotel Carter, Cleveland. John A. C. Wamer, 29 West ” 
ninth street, New York, is secretary. J 


Cations of 
Styling the 
and Finishj 
oatings Pa 
hubber-Like 
iTes and Def 
Methods | i 
Molds Tre 


Nov. 15-16— 

American ‘Institute of Chemical Engineers. Meeting to be 
Pittsburgh. Additional information may be obtained from the 
Institute of Chemical Engineers, 29 West Thirty-ninth street, 


Nov. 29-Dec. 3— a 
American Society of Mechanical Engineers. Annual meeting © 

held in New York. C. E. Davies, 29 West Thirty-ninth street, 

is secretary. 


Dec. 6-l1— 
eat ° ° . : be 
Exposition of Chemical Industries. Nineteenth exposition to 
Madison Square Gardens, New York. Exposition under ) R D 
International Exposition Co., Grand Central Palace, New 
F. Roth is president. : 


Jan. 10-14, 1944— r C @) 
Society of Automotive Engineers. Annual meeting and C od 

display to be held at Book-Cadillac hotel, Detroit. John A. % ©" 

29 West Thirty-ninth street, New York, is secretary. 4 
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By John Delmonte 


Now in its second printing 
and available at a cost of 


ONLY $600" 


CONTENTS POSTPAID 


Introduction to ‘Organic Plastics... e 


Characteristics and Preparation of 
«pe of Fillers... ECAUSE it covers the subject of plastics from elementary 
Laminat lasti : : ; j i 
mated’ Migstics Manulacture . .. discussion of basic materials to the use of all types of plastics 
: . . “cc : ° ° 9 8 ; 
iis. |, Siadieniinus ...l in hundreds of applications, Plastics In Engineering” is recognized 
ie of Melded Parts... Factecs as the outstanding book in its field. 


cast Plastic Materials... Properties 


AHe- o% . . . 
cys me Molding ... Hot Mold- Both as replacements for critical materials, and as materials in 
-Co Iding... : . : lors 

oiding ... Extrusion of their own right for current and postwar use, plastics are receiving 


Plastics... Molds for Plastics... Non. : i 
Metallic Bearings... Nonmetallic oe eaten of on ar ot ae 


“ears and Pinions... Nonmetallic “Plastics In Engineering’ answers practically every question 
"ita Couplings and Clutches... that can be raised on chemical analysis, characteristics and fabrication. 
“igineer ° . . 

ing Applications . . . Appli A glance at the CONTENTS will give you an idea of the broad scope 


thons of Transparent Plastics... f é . 
Siyig the Machine ... Fabricating of this authoritative volume. 


nd Finj ‘ 

ange Sy C hea ORDER YOUR COPY FOR FREE TEN DAYS’ EXAMINATION 

: bAthisl tila u ers fot eYe! ’ 
dber-Like Resins ... Common Fail: You may decide for yourself that “Plastics In Engineering” is the 


es and Defects in Materials... Test most comprehensive and practical book on the subject available .. . 
“hods...Costs of Plastics and order a copy today for immediate shipment . . . within ten days 
wv: Trends in Plastics send us $6* plus postage or return the book in good condition. If 

you prefer a copy sent C.O.D., postal charges will be added. Orders 
accompanied by payment in full will be sent postage prepaid. 


Book Department 


1213 W. Third Street Cleveland 13, Ohio 

















NEW MACHINES- 


And the Companies Behind Them 


(For illustrations of other outstanding machinery, see 
Pages 148, 149) 


Air Conditioning 
Evaporative condenser with built-in air filters, Drayer & Hanson Inc., 
Los Angeles. 


Armament 

Shell-box end and cover making machine, Food Machinery Corp., Riv- 
erside, Calif. 

Hydraulic testing machine for parachute webs, Riehle Testing Machine 
Div., American Machine & Metals Inc., East Moline, Il. 

Mobile oil reclaimer, Youngstown Miller Co., Sandusky, O. 

Aircraft piston wrist-pin hole counterboring machine, Snyder Tool & 
Engineering Co., Detroit. 


Excavating 
Tilt dozer, R. G. Le Tourneau Inc., Peoria, Ill. 
Tractor sweeper, W. E. Grace Mfg. Co., Dallas, Tex. 
*Cable dozer, The Heil Co., Milwaukee. 
Self-propelled drilling unit, The Buda Co., Harvey, Ill. 


Industrial 

*Pneumatic drill, The Aro Equipment Co., Bryan, O. 

Spinner-riveter, Airflex Equipment Co., Detroit. 

Inspection car, The Buda Co., Harvey, IIl. 

a generator, Communication Measurements Laboratory, New 
ork. 

Riveting machine gun, R. Decat, Elmhurst, L. I., N. Y. 

Wire, cable, cord, rope and paper wind-up machine, Industrial Oven 
Engineering Co., Cleveland. 

Screw, bolt and rivet-sorting machine, Tubin Engineering & Mfg. Co., 
Los Angeles. 

All-purpose fluid cooler, Gray-Mills Co., Chicago. 

Hydrogen purifier, Eisler Engineering Co., Newark, N. J. 

Turbine reduction units, Cone Drive Div., Michigan Tool Co., Detroit. 


*Tllustrated in pictorial spread, Pages 148, 149. 






Air compressor, Sullivan Machinery Co., Michigan City, Ing, 

Photoelectric control for measuring density of transparent m 
Photoswitch Inc., Cambridge, Mass. 

Gas-electric power unit, Ready Power Co., Detroit. 


terials 


Metalworking 
25-inch hydraulic crank pin grinder, Landis Tool Co., Waynesboro Pa 
12-inch hydraulic slotter, Rockford Machine Tool Co., Rockford, 1 
Vertical miller, Kent-Owens Machine Co., Toledo, O. 
Universal tool grinder, K. O. Lee Co., Aberdeen, S. D. 
Hypro frog and switch planer, Cincinnati Planer Co., Cincinnati, 
No. 4 fine pitch gear shaving machine, Fellows Gear Shaper Co., Spring. 
field, Vt. 
Tool grinder, Whipple Mfg. Co., Spirit Lake, Ia. 
*Automatic profile miller, Earl A. Thompson Mfg. Co., Ferndale, Mic, 
*Magnetic polishing lathe, The Lima Electric Motor Co., Lima, 0, 
*Metal piercing press, Dayton Rogers Mfg. Co., Minneapolis, 
*Cut-off machine, The Bridgeport Safety Emery Wheel Co. Inc., Bridge. 
port, Conn. 
*Hydraulic 3-way boring machine, Le Maire Tool & Mfg. Co., Dey. 
born, Mich. 
Tap grinder, Edward Blake Co., Newton Centre, Mass. 
Vertical bench milling machine, Benchmaster Mfg. Co., Los Angeles, 
Portable hydraulic bending machine, Wallace Supplies Mfg. Co., Chicago 
Tap reconditioner, Detroit Tap & Tool Co., Detroit. 
Hydraulic press, Colonial Broach Co., Detroit. 
Cutter and tool grinder, Covel Mfg. Co., Benton Harbor, Mich. 
Double action press, Lake Erie Engineering Corp., Buffalo. 
Hydraulic precision thread rolling machine, National Electric Welding 
Machine Co., Bay City, Mich. 


Office 
Comptometer, Felt & Tarrant Mfg. Co., Chicago. 


Welding 
Bench-type duplex-jaw spot welder, Eisler Engineering Co., Nev- 
ark, N. J. 
Heavy-duty welder, Allis-Chalmers Mfg. Co., Milwaukee. 
Manually-operated welder, Glenn-Roberts Co., Oakland, Calif. 


Woodworking 
*Thickness planer, Boice Crane Co., Toledo, O. 
Portable type radial saw, De Walt Corp., Lancaster, Pa. 
Spindle sander, Boice Crane Co., Toledo, O. 





BROADWAY 





STEP NO. 94 


This aircraft instrument housing—Step No. 94 for a famous maker of war planes—looks 
piece. But it’s actually five pieces! Five pieces of aluminum formed and welded, machined, fin- 
ished—to limits .005. Isn’t there a step in your production cycle where our Packaged 
tion” would be a big help? You'll get 54 years of exceptional experience in . 
Precision Machine Work: Electrical & Mechanical Assemblies. Also, carefully organized oper 
tional methods to relieve you of all production responsibilities on an entire product—or a § fi 
part. Avoid production headaches and inquire if our prior commitments will Let Lewyt Do 
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Necessary war restrictions have confined the use 
of NITRIDED NITRALLOY to vital parts of war 
equipment for which no other material would 
produce the required hardness. 


The important fact to bear in mind is that use 
of Nitralloy is permitted where only Nitralloy will 
produce the wanted maximum assurance of ex- 
treme surface hardness and desired core properties, 
insuring greatest possible resistance to wear and 
fatigue. It is still true that Nitrided Nitralloy 
produces the hardest steel surface known. 


THE 


When Nitralloy can again be used freely 
throughout industry, it will rapidly return to its 
position as the first choice of manufacturers who 
design their metal products for greatest possible 
life and dependability. 


For a possibly new concept of hardness, its 
measurement and its reduction to dimensional 
analysis expressed in terms of length, mass and 
time, write us for new book “Hardness”. It is yours 
on request with our compliments. In writing, 
kindly use your business stationery and official 
signature. 


Lindberg Stee! Treating Co. .. Chicago, III. 


The Nitralioy Corporation Link-Belt Co. Philadelphia, Pa. 
Allegheny Ludium Stee! Corp. Met-Lob, Inc. Philadelphia, Pa. 
Wotervliet, N. Y. New England Metallurgical Corp. 
Bethlehem Steel Co. . Bethlehem, Pa. Boston, Mass. 
Copperweld Stee! Co. Warren, O. Pittsburgh Commercial Heat Treating Co. 


Companies Licensed by 


NITRALLOY 


‘ORPORATION 


0 PARK AVENUE, NEW YORK 17, N.Y. 


Ine 
Desicn—Noy ember, 1943 


Crucible Stee! Co. of America 

New York, N. Y. 
Firth-Sterling Stee! Co. McKeesport, Po. 
Republic Stee! Corporation. Cleveland, O. 
The Timken Roller Bearing Co.. Canton, O. 
Rotary Electric Stee! Co. Detroit, Mich. 
Vanadium-Alloys Steel Co. Pittsburgh, Pa. 
Atlas Steel Limited Welland, Ontario 


Operating & Accredited Nitriding Agents 
Commercial Steel Treating Corp. 
Detroit, Mich. 
Englehard & Kenny..North Arlington, N. J. 
The Lakeside Steel Improvement Co. 
Cleveland, O. 


Pittsburgh, Pa. 
The Salkover Metal Processing Co., Inc. 
Long Island City, N. Y. 
Queen City Steel Treating Co. 
Cincinnati, O. 
Rex & Erb wees Lonsdale, Pa. 
Wesley Steel Treating Co. 
Milwaukee, Wis. 
N. A. Woodworth Co. Ferndale, Mich. 
Ontario Research Foundation 
Toronto, Ontario, Canada 


Manufacturer of Nitralloy Stee! Castings 
Milwaukee Steel Foundry Div., 
Grede Foundries; Inc... Milwavkee, Wis. 











JONES 500 SERIES 


POWER 
PLUGS 


AND 


SOCKETS 


6-Contact Plug and 
Socket 


or heavy currents and high voltages. 
Engineered to fulfill every electrical and mechanical re- 
quirement. A\ll sizes polarized, preventing incorrect con- 
nections, no matter how many sizes are used on one in- 
stallation. 


Sizes: 2, 4, 6, Ong and 12 contacts. Easy to wire and 


unusually accessible for inspection. Complete data in 
Bulletin 500. Write for your copy today. 


HOWARD B. JONES 


2460 WEST GEORGE ST. CHICAGO 18, ILLINOIS 














OPTO-MATIC Constant Level 

Oilers are providing remarkable 
service and complete satisfaction, with 
definite economies in operation and 
maintenance. They modernize your 
equipment, increase your prestige 
and reduce selling resistance. 








Oil supply always visible. 
ve time, oil, and worry. 
Reduce bearing failures: 
Stop guesswork. 
void needless shutdowns. 
Reduce fire and accident hazards 


WRITE FOR. CATALOG ON - 
CONSTANT LEVEL, GRAVI- © 
TY FEED, WICK and THERMAL. - 
TYPE OILERS, 








THE MODERN WAY 


*f Oil tlevel is automatically 


maintained. As oil is consumed 
it is immediately replaced. No 
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Auxiliary Points 


(Concluded from Page 123) 
A,= Agt— Ara + >Alog 


A, — Agt Aca + Ala 


The complete acceleration polygon is shown in Fig. 1d. 

Selection of the auxiliary point is governed by the neces. 
sity of having a particular point for which the velocity can 
be obtained from the conditions known. As the floating 
member is the one which is difficult to define, the auxi- 
iary point is located on the floating member, or an exten. 
sion of the floating member. The particular point selected 
must be one which will give, on the polygon, vectos 
which coincide in direction with the corresponding vectors 
of known points. Such a point will be at an intersection 
of a line through joints of the members connected to the 
floating link. Thus in Figs. 2 and 8 the point M, is at the 
intersection of link 6 (the link 6 is in effect the line from. 
center O,, to the center O,, at infinity, perpendicular to 
the direction of motion) and the extension of member 8. 
In Fig. 3 the member 8 is in effect the line through 0O,, to 
the instantaneous center O,, at infinity. 

In each instance the velocity of M, may be obtained 
from the simultaneous equations 


Vin 1 =V,t+—Vm 1¢ 


Vin ” aaa ut—Vim 1a 


In each mechanism V, and V, are known in direction 
and magnitude, and V,,,_ and Vinq are known in direction. 


Practical Problem Illustrates Method 


An interesting, practical problem requiring the us of 
the auxiliary point and of Coriolis’ law® for its accelera- 
tion solution is the mechanism for actuating a —s 
veyor made by the Goodman Manufacturing Co., Fig. * 
A double slider-crank mechanism shown schematically 8 
Fig. 5a is driven at a uniform angular velocity by crak” 
A short reciprocating motion is imparted to the slider 2, 
which actuates the conveyor. Selection of the two neces 
sary auxiliary points M and N is shown in Fig. 50, p= 
the velocity and acceleration polygons are shown i % 
5b, and 5c. Notice that the influence of the 
compound supplementary acceleration is apprecia™™ 

To aid in the solution of problems as involved as 
a table such as that shown beneath Fig. 5 may be set UP 
indicating the steps in logical order and the veal 
equations. When this has been done and the oa 
one position of the mechanism has been worked 
should be possible to delegate the job of analyzing 
accelerations for a complete cycle of positions. 


4 ~ leration Analysis Can Be Improved”, 
and E. sae Sacene: Desicn, Feb., 1943, Page } 


1948, Page 90. 
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